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For more than two decades Librascope has pioneered 
new computer concepts and achieved leadership in 
the design and manufacture of computers, controls, 
and systems for both military and commercial appli- 
cations. As new and complex problems arise through 
the demands of rigorous defense and industrial pro- 
grams, Librascope promotes continuous research in 
the development of electronic, electro - mechanical, 
magnetic, and optical computing techniques —a por- 
tion of an integrated program to maintain this position 
of leadership. The unique skill and experience of 
Librascope’s capable staff of engineers, scientists, 
and technicians, as well as an outstanding facility pro- 
duction capacity provide exceptional qualifications 
to answer your computer-control problems. Why don’t 
you consult Librascope today? 


LIBRASCOPE INCORPORATED 


LIBRASCOPE « COMPUTERS, CONTROLS AND COMPONENTS 


Librascope’s use of the 
LGP-30 computer 
simplifies complex 
design and production 
problems, and assures 
computer-engineered 
quality in meeting 
delivery schedules. 





A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


B08 WESTERN AVENUE + GLENDALE, CALIFORNIA 











"New Horizons’’, L&N’s Tech. 
ND46 gives data on circuitry and per- 
formance characteristics of Speedomaxr 


Instruments. ( 


nearest Lé 


Northrup Co., 


Phila. 44, Pa. 


zet a copy from 








Pub. 


your 


Office or from Leeds & 


4918 Stenton 


Ave., 





When 
the stakes 
are high... 


...- when extreme instrument accuracy 
and flexibility are required, Speedomax 
instruments really demonstrate their un- 
usual performance capabilities. 

For example, engineers at the U.S. Naval 
Air Rocket Test Station, Lake Denmark, 
N. J., need extremely flexible recording be- 
cause data from a number of test cells is 
centralized in a single compact control 
room. Here, Speedomax G AZAR ( Adjust- 
able Zero, Adjustable Range) Recorders 
can be easily and quickly adjusted to take 
outputs of a wide range of thermocouples, 
strain gages, flow transducers, etc., from 
any of the test cells. For more than five 
years, these instruments have been gather- 
ing research data on rocket engine propul- 
sion systems. With instrument operation 
so flexible, maximum use is made of test 


facilities. 


In the central recording room, technicians 
(left) note run number, test stand number, etc., 
on recorder charts after rocket (above) is 


static tested (Official U. S. Navy Photograph). 
ij 
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YOUR COMPUTER DESIGNS ARE BETTER 
YOUR COMPUTERS PERFORM BETTER 


when you draw from this comprehensive 


"GD revise 


COMPUTER TRANSISTORS 


Raytheon PNP Germanium Fusion-Alloy Computer Transistors are 
approved for military applications. They provide: 





® H,, control at high currents ® High voltage ratings 
® Fast switching speed @ Low saturation resistance 


® Temperature range —65°C to +85°C 


ONE AMPERE, HIGH FREQUENCY, HIGH GAIN SWITCH 
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the design, application and test of instrumentation and automatic control systems 





Applying Part-Winding Controllers to Squirrel-Cage Motors 
J. SHEETS and W.G. McMICHAEL of General Electric Co. describe the operation and 


ipplication of this inexpensive closed-transition method of starting ac induction mot 


Magnetic Reader Speeds Travelers Check Processing 
K. R. ELDREDGE and others of Stanford Research Institute tell how the reader v 
ind detail the unique circuitry used in converting arabic numerals to usable electri 


On-Stream Control with an Infrared Analyzer 
L.W. ADAMS, L.W.HERSCHER, and H. D. RUHL of Dow Chemical use an infrared 


analyzer applied to reflux ratio to control the product stream from a distillation « 


How Precise Are Inertial Components? 
J. M. SLATERand D. E, WILCOX of Autonetics Div., North American Aviation, 1 


the many sources of error in inertial components and point out how to minimize ther 


Data File 18 — Use Silicon Diodes as Protective Devices 
P. L. TOBACK of Hoffman Electronics lists circuits that employ silicon diodes to prot 


sensitive devices such as meters and relays, which are subject to damage from lin« 


What About Digital Transducers? 


I). J. KOMPASS of Controt ENGINEERING answers some questions about this new t1 


in measurement techniques: what they are, why use them, and how to specify 
Chemical Kinetics and the Dynamics of Chemical Reactors 

[’. J. WILLIAMS of Monsanto Chemical Co. covers the fundamentals of reactor kinetic 
ind dynamics and relates these to controllability to achieve the optimum reactor system 





An AGC System for De Servos 

C. D. MORRILL and R. C. WEYRICK of Goodyear Aircraft develop a unique method 
Inexpensive, High-Response 1-2/3-hp Servos 

R. H. EISENGREIN of Seneca Falls Machine Co. reveals a mechanical power amplifier. 
Simplified Circuitry for Remote Controls 

E. WAGNER of Ingersoll Milling reduces pendant wiring by using new control circuit 
New Ac Adjustable-Speed Motor Principle 

W.R. HARDING of Westinghouse combines a wound-rotor and dc motor on one shaft. 


“Auctioneer” Controls Atomic Reactor Coolant ‘Temperature 
H. A. POWERS of Norwood Controls details system that selects proper control point 
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21 What’s New in the Control Field 


Probing space flights for future takes unusual instrumentation at Air Force lab. 
Calculating costs for power plant instrumentation is a key subject at ISA meet. 
Industrial telemetry fast gaining ground in pipeline and process installations. 
Research in components is spurred by contract to develop a 600-C synchro. 
Preview of Russian’s selling pitch is seen in its control exhibit at Belgium fair. 
19 Control Personality—BERNARD LEVINE 
He designs the components that must fill the black boxes specified by system designers 
69 Industry’s Pulse—The Japanese Boom in Automatic Control 
CtE’s correspondent Kazuto Togino reports on the status of automatic control in Japan 
73 Editorial—Give and Take 


Control engineers trade techniques and knowhow within and across industrial barriers. 
122 New Product Developments 


Edge-control system, servovalve, relay-tree decoder, electromechanical control system. 


152 Abstracts of Technical Papers 


Sigmund Rappaport abstracts a German paper on automatic batch processing control. 


8 Shop Talk 149 Bulletins & Catalogs 158 Meetings Ahead 
10 Feedback 156 New Books 157 Reprints 





WILLIAM E. VANNAH Editor W. W. GAREY Publisher 


ee ; R. M. H. BERG Advertising Sales Manage 
BYRON K. LEDGERWOOD Managing Editor A. L. DE WEERDT Circulation Manager 


HARRY R. KARP Associate Editor W. C. CARMICHAEL Business Manager 
JOHN D. COONEY Associate Editor 

LEWIS H. YOUNG Associate Editor PRINT ORDER THIS ISSUE 34,994 
DEREK BARLOW European Editor Pub aie shed mc ath} y by Mc i. raw — Somag 

EDWARD J. KOMPASS Assistant Editor aur H. McGraw (1860-1948 


99- iaD Nor ay, Alb. any . EX 
FRANK MCPARTLAND Assistant Editor iB EDITORIAL, CIRCULATION, C3 ADVERTISING New 
WARREN KAYES Copy Editor “Donald 'G, “ileGraw, President; Joseph A. Gerardi 
FLORENCE BAXLEY Editorial Assistant and. Tre ‘he ay Nege Goodrich. vice. Pre Bona 
utive Vice Presic jent, -ublica ms Division; Ralph : 
. Vice President «4 < -~iny Director; Joseph 
of 


ACK GORDON Art Director ; a President 
A F 


R. Venezian, Vice ato 
Position and company connection must be nn ey on 


DEXTER M. KEEZER Dir. Economics Dept. Soptambar teama, CO, G. onl Cosmas oan your eh. a0 
G. B. BRYANT, JR. Mer. Washington Bureau Albany, N. ¥. Printed in US.A. Bes panel below f or direc c- 

. 0 " 4 8c: tions o change address. t 
JOHN WILHELM Editor, World News istered in U.S, Pate ce. ©Copyright 1958, McGraw 
MIC J MURPHY geles Hil il Pub: lishing Co., Inc, All rights reserved 


Consulting Editors | st BSCRIPTIONS: Bend, rat EG orrespondence, to 
: w York Y Fe 

GORDON S. BROWN Cambridge, Mass. ddress, give old” as as new address, and include 

EUGENE M. GRABBE Los Angeles, Calif. | Fre om magazine Please allow one month for change 

JOHN JOHNSTON Wilmington, Del ahaa arn 

BARRY W. MERGLER Cleveland, Ohio contro! Rng Ramses’ Lleans, send form 3670, to, 





SOUNDEST SOLUTION TO 
EVENTS-PER-UNIT TIME MEASUREMENTS 


on | Tone 
New 211B 
Frequency- \ 
Period 
Counter 





Inline-inplane readable readout with 
21,” numerals 


0 to 220kc frequency range. ... 10 micro- 
second to 100,000 second period range 


Memory circuit holds displayed read- 
ings while counter cycles to accumulate 
new data 


Automatic decimal point indication + Six gate times and external position « Costs 20 
less than separate units * Modular plug-in printed circuit construction * Readings clearly 
visible at high ambient light level for more than 150 feet * Temperature regulated crystal 
controlled time base. 


FEATURES: 


CMC's new 211B Frequency-Period Counter combines high speed elec- 
tronic counting and inline-inplane digital presentation in one compact, 
convenient and economical package. Each digit consists of 40 small, long 
life neon lamps. Reading errors caused by lamp filament failure occurring 
in edge lighted, segment-masked, or projection type illumination are INPUT SENSITIVITY 0 

eliminated. Memory circuit provides the latest available information at 0.05 v 
the time of reading. Digits do not cycle during the counting period. 


KEY SPECIFICATIONS 


FREQUENCY MEASUREMENT 
FREQUENCY RANGE 1 to 220 f 


ACCURACY 


Here is a new instrument ideally suited to laboratory and production test- 
ing. One 211B serves five or six bench positions (see sketch) cutting re- 
quirements for instrumentation accordingly. At the same time accuracy of 
readings is increased owing to CMC’s unique fail-safe presentation. The 
new counter is also particularly appropriate for “block house” use where 
readings must be taken from a safe distance. Instances of this application 
are jet or piston engine test cells, dynamometer test stands, nuclear radia- 
tion measurements, and missile countdown tests. 


Other applications include hydraulic and servo testing, calibrating fre- 
quency generating equipment, testing crystals, frequency stability checks, 
and measurements of all basic physical quantities such as pressure, flow, 
RPM, velocity, etc. 


CMC engineering representatives are located in prin- 
cipal cities. After you've checked over the key speci- 
fications, give your nearest CMC representative a call 
He'll be happy to arrange a demonstration. For com- 
plete technical information, please write Dept. 087. 


Subsidiary of Hancock Industries 





TIME BASES 
Se no 


PERIOD MEASUREMENT 
PERIOD RANGE 10 micr 
FREQUENCY RANGE 01 


INPUT SENSITIVITY 
ACCURACY 

GENERAL 
STABILITY 


PRICE 








Computer-Measurements 


Corporation 


5528 Vineland Ave. * No. Hollywood, Calif. 


Phone STanley 7-0401 * TWX: NHOL 2160 
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Another first for the S-C 5000... 


Now ... the S-C 5000 High-Speed Electronic Printer prints com- 
puter data on pre-printed forms five to ten times faster than the 
fastest electro-mechanical printers. Invoices, stock records, pre- 
mium notices, checks — business forms of all types — can be filled- 
in at the rate of 5,000 lines per minute. Such high perform- 
ance means dollar savings to users of high-speed data processing 
systems . . . less capital investment . . . lower operating costs. 


Records Computer Data On Pre-Printed Forms.. 


New standards of reliability also have been set by the S-C 5000. 
Electronic printing, made possible by the unique combination of 
the Charactron readout and the Haloid Xerographic process, 
eliminates troublesome fast-moving mechanical parts. 


Inspect the invoice form on the opposite page, an actual example 
of S-C 5000 printing. Note the clarity of each character . . . the 
close registration of filled-in data to pre-printed copy. This is 
quality printing performed economically by the world’s fastest 
printout equipment . . . the S-C 5000 High Speed Electronic 
Printer. 


Write today for complete specifications and further information 
concerning both on-line and off-line applications of tive S-C 5000. 


SC STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


3: 1895 Hancock Street ¢ San Diego 12, California 


Electronic and communication products for home, industry and defense 
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SHOPTALK 


From sextant to inertial navigation 


John Slater (coauthor with D. E. 

Wilcox of “How Precise are Inertial 

Components?”’, page 86) is more at 

home with inertial navigation systems 

nowadays than he is with the bubble 

sextant he’s shown holding here. After 

graduating from MIT in 1932, John 

first conanited in the field of applied 

physics, then in 1947 joined North 

American Aviation. Now, as staff spe- 

cialist in guidance engineering, he is responsible for keeping 

Autometics in the hercleosth by consulting and directing research 
programs in inertial navigation and guidance systems 


Control light 
to your data 
processing 
needs with 
CtE editors contribute 


CtE is well-represented in the recently published Control 
Engineer's Handbook (McGraw-Hill Book Co.; editor: John 
Traxdl of Brooklyn Polytechnic Institute) . Assistant Editor 
Ed Kompass authored the section on digital computers in 
control, and Managing Editor By Ledge meeod coauthored 
(with Sid Davis) the sections on electric: il actuators and 
tachometers, clutches and brakes, and mechanical control 


Bausch & Lomb 


DIFFRACTION 
GRATINGS 


Got a measurement, check-out 
or read-out process that can be 
actuated by photo-electric 


components. Many CtE contributors also supplied material 
for this “first” handbook tailored for control engineers 


Recognition for our art director 


Jack Gordon—who 
earns his keep making 


controls? Find out how B&L 
gratings cut costs, save space, 
simplify design. World’s largest 
selection ... from 1,905 to 
54,864 grooves per inch... for 
pulsed light-and-dark cycles, 
command signals at specified 
wavelengths, measurement to 
wavelength scales. There’s a free 
theory-and-data book to tell 

you all about B&L Gratings. 


MAIL COUPON FOR DETAILED 
TECHNICAL DATA BOOK 


BAUSCH & LOMB OPTICAL CO. 
88731 St. Paul St., Rochester 2. N. Y. 


ConTROL ENGINEERING 

look pretty—recently re- 

ceived recognition as a 

prominent collector of 

American folk art. The 

Cincinnati Art Museum 

purchased 13 pieces from Jack’s collection, including pottery, 
drawings, and wrought-iron craft, for display in a new wing of 
American rooms that will be opened this fall. The accompany- 
ing photo shows one of the most interesting exhibits: a wrought- 
iron fish that was originally used as an axe socket on a Conestoga 
wagon in the late 18th century. 


Kazuto Togino starts rolling 


CtE’s Japanese correspondent is beginning to make his 
influence felt. In this month’s Industry’ S Pulse. page 69, he 
gives forth with his views on the status of automatic contro 
in Japan. Future issues will include other articles as well ; 
news items on control in Japan, all aimed at keeping she 
ControL ENGINEERING reader up-to-date on developments 
in this important area. 


' 
| 
| 
| 
Send me B&L Grating Data Book D-261. | 
Name 
Title | 
| 
Company | 
| 
| 
| 


Address 
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° ° Electrical leakage of silicon-oxide storage surfaces used arnsworth’s latron 
Milli-voltmeter, Tubes is measured by the sensitive and stable G-R Electrometer and D-C Amplifier 
The Electrometer’s direct calibration in ohms, stable, built voltage source which 


Micro-microammeter, is low enough to prevent breakdown in thin films, and the ease with which it can 


be switched for either polarization-voltage evaluatior r resistance-linearity 


Mega-megoh mmeter, or checks, have all proven valuable time and money saving features in production, 
D-C amplifier 


as well as development 


. «+ we call this instrument the 


Type 1230-A D-C Amplifier and Electrometer 


It measures directly voltages as low as 0.5 mv, currents as low as 5 x 10~!5 amp, and resistances as 
large as 5 x 10'* ohms. No vibrating parts — the G-R Electrometer is a true direct-coupled amplifier. 
It has high sensitivity and excellent stability — drift is less than 2 mv per hour after one-hour warmup. 
High input resistance, even under conditions of high humidity, are achieved by use of: an electrom- 
eter tube in the first of three direct-coupled stages (input grid lead is enclosed in silicone-treated glass); 
and switch contacts mounted on individual teflon bushings set in a metal base that connects to a 
guard point. 

Besides its multipurpose abilities, the Electrometer is convenient to use. Its switching arrangement 
allows you to change functions rapidly . . . from high-impedance voltmeter, to low-impedance am- 
meter, or to a megohmmeter, without need of accessory multipliers or shunts. Other conveniences 
include built-in resistance standards for current and resistance measurements, and for calibration. 
Guard terminals are provided so that either 2- or 3-terminal measurements may be made. Output 
jacks, at the rear, permit use as a sensitive d-c amplifier to drive graphic recorders having input re- 

Type 1230-A D-C Amplifier sistances up to 15002 (S-ma models can be connected directly). 
and Electrometer . . . $440 


Typical of this instrument's uses are Voltage Ranges: +30 mv, 100 mv, 300 mv Resistance Ranges: 300 kilohms to 30 mega input Resistance: Det 
measurements of ionization currents, grid lv, 3 v, and 10 v; dc, full scale. Accuracy is megohms (3 x 10'322) in 16 ranges. Accuracy sistance standards ( 
currents in electron tubes, piezoelectric 4%, of full scale on 30 mv range, 2% on is 3% to + 10% depending on multiplier and 10*, 105, 10®, 107 
and contact potentials, and back resist all other ranges on meter deflection. With external 600 v bat also ‘‘zer and 
ance of silicon-junction diodes. A low 
st instrument of high performance has 
not been previously available for such 
work 


tery in place of the internal 9 v source. resist finity” posit 
ance range can be extended to read 1.2x 10°72 Output: Volta 
at smallest meter division vdicated > oe 


Current Ranges: +300 milli-micromicro 
amperes d-c (3 x 10°" amp) full scale to +1 
milliampere full scale in twenty ranges (two 
per decade). Full-scale accuracy is +3% to vided for use with ¢ 
+10% depending on multiplier position resistances up to 15 


Drift: Less than 2 mv per hour after one-hour Write For Complete Information Temperature, Humidity, Line Voltage Effects 
warmup Negligible 


6 O%y, 
GENERAL RADIO Company Z|>sZ 
NU A 2- Year I  otaeragee erent me tect 
5 Massachusetts Avenue, Cambridge 39, Mass., U.S.A SS PP Warranty een Codocage y engineers espec 
4 


b 


ments and meas & systems best 


NEW YORK AREA: Tel.N. ¥. WOrth 4-2722,N. J. WHitney 3-3140 CHICAGO: Tel. Village 8-9400 ~'® 2 mobo “ emcee 


PHILADELPHIA: Tel. HAncock 4.7419 WASHINGTON, D. C.: Tel. JUniper 5-1088 
SAN FRANCISCO: Tel. Whitecliff 8-8233 LOS ANGELES 38: Tel. HOllywood 9-620! 
In CANADA, TORONTO: Tel. CHerry 6-2171 





STROMBERG-CARLSON 
Type “A” Relays 
TL 
Plug-in mountings 


For fast, easy removal and replace- 
ment you can get Stromberg-Carlson 
Type ‘‘A” Relays with plug-in 
mountings. 

The Stromberg-Carlson Plug (il- 
lustrated above) automatically locks 
the relay in place and guarantees a 
low-resistance connection between 
plug and socket. Its 36 terminals 
provide enough connections for prac- 
tically all relay applications. Coils 
and contacts are wired to terminals 
as your needs dictate. Contacts can 
be furnished in silver, palladium, 
gold alloy or palladium-silver alloy. 

Spring combinations possible with 
this assembly are 17 Form A or Form 
B; 10 Form C or Form D. 

Also available in an “A” Relay is 
a plug used with commercial radio 
type sockets. It can mount relays 
with 8, 9, 12 or 20 
connections. 

For technical de- 
tails and ordering 
information, send 
for Bulletin T- 
5000R, available on 
request. Write to: 


SC 
ae 


Ne. 
STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELECOMMUNICATION INDUSTRIAL SALES 
112 Carison Road, Rochester 3, N. Y. 


Electronic and communication products 
for home, industry and defense 
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FEEDBACK 


PROBLEM FORUM 


The controversy over acceleration-switching electro- 
hydraulic valves is far from over. An article by W. |. 
Harris in the April 1958 issue reporting on experiences 
in using acceleration-switching valves generated diverse 
comments from all over the country. The two published 
here reflect the substance of all others. 


Submit your comments on the technical accuracy and 
completeness of articles published in CONTROL ENGI- 
NEERING. If accepted for publication, they will earn 
you a bonus in legal tender. To other readers will accrue 
a bonus in technical information. You earn while they 


learn. Ed. 


lo tHE Epiror 

You may recall that I was project 
engineer at the Moog Valve Co. in 
charge of all acceleration-switching 
valve test, design, and production for 
almost two years. With this in mind, 
I wish to convey a few points of dis 
igreement with the article by W. I. 
Harris of McDonnell Aircraft in the 
April issue of CtE. 

Tests have been run which do con 
firm the fact that a well-built accelera- 
tion-switching valve is an integrator. 
If an integrator for a feedback system 
is defined as a device which generates 
the time integral of the measured er 
ror signal and actuates an output mem 
ber so as to eliminate the error, then 
the acceleration-switching valve is 
truly an integrator. It will operate 
against loads up to the equivalent of 
its system pressure and instantly 1 
duce the position error (due to the 
imposed load) to an immeasurable 
quantity by integrating the error sig 


l 
] 
i 


C 


nal. The reduction of slope in the 
Bode plot and the 
or corner” frequency as referred to by 
Harris is actually a nonlinear effect 
which is dependent on much morc 
than just the valve rated flow. It is 
certainly a variable which can be con 
trolled by the design and construction 
technique used in assembly of the 
torque motor. 

We built 30 identical acceleration 
switching valves in one production run 
ind found the - to vary all the way 
from 0.1 to 1.0 sec on the batch. 
[his is a variable which in large part 
can be controlled by careful assembly 
and adjustment of the torque motor 
Probably there are other variables 
which also affect r. 

Now a few words about accelera 

(Continued bottom next page) 


ipparent “break 


l'o THE Eprror 

We obtain the transf« 
in acceleration-switching 
rectly from the frequency 
closed-l Op servo svstel 
is a part. The parame 
scribe the performance 
components of this 
curately known, with the 
f those which describe th« 
ince of the valve Wi 
servo input signal amplitud 
tain a reasonably constant 
is the input signal frequency is varied 
An alternate 


valve’s 


tain the 
transfer function indirectly 
from the measured transfer function 


nethod is to 


between the error voltage and the servo 
Howe , if there is 
even a relatively small amount of devi 
ition from purely sinusoidal output 
motion, the error signal becomes sufh 
ciently distorted to make data reduc 
tion difficult. For this reason, we pre- 
fer the first method 
Early in our switching 


output position 


we found that we could 
the closed-loop frequen ‘ 
obtained from our. ser 
sumption of pure integ 
the valve was made. Fu 
secms to have confirmed 
that a first-order lag is a m 
representation of the switching valve 
\s a matter of fact, W. Seamone of 
the Applied Physics Laboratory (Johns 
Hopkins University) has d« eloped a 
method of predicting the time con 
stant with reasonable accuracy from a 
knowledge of the physical 
of the valve. 

Of course, the use of a first-ord 
transfer function to represent the per 


paramete! 


formance of any type of \ ilve is a gross 
oversimplification. A considerable 
amount of work has been done to 





derive a describing function for non 
linearities in proportional-flow valves 
The resulting expressions are quite 
complicated. The task of deriving an 
analytical description of a switching 
valve is considerably more difficult. ‘To 
the writer’s knowledge, it has never 
been done. Nevertheless, it is useful to 
have a simplified transfer function to 
use for first-cut design work. Repre 
senting a switching valve by a hist 
order lag fulfills this need since one is 
able to predict closed loop servo pel 
formance with reasonable accuracy on 
this basis. 

When reporting the reasons for fail 
ing to obtain reduced prices for switch 
ing valves, the writer was merely 
acting as a reporter. The statements 
given to the writer by various vendors 
were merely repeated. The very small 
dimensions assigned by the writer to 
the flapper-nozzle circuit pertained to 
the spacing between the flapper and 
the nozzles In proportional-flow 
valves, the diameter of the upstream 
orifices is generally an order of magni- 
tude greater. In our high-temperature 
test, we experienced a large degree of 
contamination—perhaps more than 
‘considerable.” The static null was 
essentially unaffected by the orifice 
clogging. However, when sinusoidal in 
put signals were applied to the servo, 
the null was observed to shift as a 
function of input signal frequency. 
[his can only be explained by assum 
ing that the spool velocity was con 
siderably greater in one direction than 
the other—an indication of upstream 
orifice clogging 

W. I. Harris 

Missile Engineering Div 
McDonnell Aircraft Corp 
St. Louis, Mo 


Continued from preceding page 
tion-switching valve cost. Customers 
still specify narrow limits for valve 
linearity and leakage. As long as they 
do, the null of the spool-bushing 
combination and the fit between the 
spool and bushing will have to be care 
fully controlled, as in “linear” valves. 
[his costs money. Careful assembly 
and adjustment of the torque motor 
is necessary in order to assure a low 
‘break” frequency and balanced valve 
operation over wide ranges of tempera 
ture, oil pressures, switching frequen 
cies, and current amplitudes. Possibh 
a new acceleration-switching valve de 
sign could be made which would re 
duce some of the cost of the parts; 
the valves presently being made are 
modifications of the “linear” valves. 

One other factor which can reduce 
the cost would be for the customer to 
determine the input signal current 


BARBER Don’t settie forless... 
COLMAN get the best 
control system 
Wheeleo y ; 
inctrumente *OF Your processing 


There’s no need to settle for inferior performance 
or pay a premium for features your processing 
doesn’t require. Wheelco Series 400 Capacitrols, 
available in six standard control forms, let you 
choose the indicating controller ideally suited to 
your processing needs. Get the facts on their 
proved performance on a variety of installations 
requiring indicating and controlling of tempera- 
tures, voltages, current, speed, and similar vari- 
ables. 


Controls forms you can choose include: 
two-position, time-proportioning, multi-position, 
proportional-position, and “stepless”’ electric 
proportioning. All of them give you electronic 
“no drift” control and “plug-in” design for easy 
maintenance and service. 


Ask your nearby Wheelco field engineer for 
Bulletin F-6314. 


BARBER-COLMAN COMPANY 


Dept. G-1548 Rock Street, Rockford, Illinois, U.S.A 
BARBER-COLMAN of CANADA, Ltd., Dept. D, Toronto and Montreal, Canada 
Industrial Instruments ° Automatic Controls ° Air Distribution Products 
Aircraft Controls . Small Motors . Overdoors and Operator ° Molded 
Products ° Meta! Cutting Tools ° Machine Tools ° Textile Machinery 


JULY 1958 1 





gee | | FEEDBACK 


- amplitude and the switching fre 
—------------------> MONRO OE quency he intends to operate at be- 
fore writing his purchase specification. 
Data Recording rs The large amount of testing required 
2 6 up to this time because of failure to 
follow this suggestion has resulted in 
the acceleration-switching valve cost 
staying equivalent to the cost of a 
standard valve. Many of the valves 
being made are required to operate 
over a 50 percent current amplitude 
variation and a 50 percent switching 
frequency change because the cus 
tomer does not know how he will use 
the valve. 

The customer requirement of dy- 
namically measuring linearity of spool- 
orifice gain could be waived. As peo 
ple become more familiar with the 
icceleration-switching technique and 
learn more about it by actually work 
ing with the hardware, I believe a 
set of meaningful production tests 
will be determined which will insure 
the customer getting the product he 
wants in a shorter time ind it a re 
duced cost. 

Stephen A. Murtaugh 

Systems Synthesis Dept 

Cornell Acronautical Laboratory, Inc 
Buffalo, N. Y 


Information, please—"‘hot’’ application 


NEW 


lo tHE Eprror 
We are interested in applying hy 
draulic, electric and pneumatic servo 


..PRINCIPLE. Parallel entry DATA 
LOG printers with automatically posi- systems to equipment handling radio 
tioned carriages. 


active materials and, of course. we 
..FORMATS for printed copy. 


want to learn all we can of the prob 
DATA/LOG PRINTERS INCLUDE: | gf’ 
. ems introduced by radiation environ 
. CARRIAGES. Programmable carriages series mc 202, 13” or 4%” fixed posi eis . , 
accept narrow or wide forms up to 18 _ tion carriage, with or without accumu ments. 
inches, with front feed carriages for _lators. Readout Speed up to 180 print ( 
card insertion. cycles per minute. information on the application of 
CAPACITIES. From three to 14 digits Series MC 203 & 204 each provides servo components in “hot” labs? We 


. up to 14 digits maximum, on an 1814” understand that radiation has some 
for each print cycle. or 1534” programmable tabulating car . 


iage. Up to 150 print cycles per min unusual effects on organic hydraulic 
..ACCUMULATORS. Up to 4 accumula. ““ 
rey with 14 digits ae fluids, for example 


Can you tell us where we can get 


Series 203 comes without accumula ' 
tors, Series 204 is available with up to Frank M. Foster 


.. FACILITY. Each DATA/LOG has its 4 accumulators of 14 digits each Plant Products Corp. 
own control chassis, power supply, con- Cincinnati, Ohio 
trol relays, and timing pulses. 


Contact E. See Day Jr., General 
Series MC 205, provides 5, 6. ae 8 bit Electric Co., 761 Building, Richland, 
punched tape, with any coding for com- eee ‘ et: : ; 
puter inpull. ‘The hese piinter provides up ; W ash., chairman of the Instrument 
to 10 digits printout on a 13” or 434” fixed Brg : Socicty of America RP-25 recom- 
carriage, with or without accumulators ‘ . nf — . on, 
Two accumulators have 2 to 10 digits max o mended practices subcommittee = 
imum each. 64 cycles per minute can be materials for use in instruments used 
punched, and 140 cycles per minute printed in radiation service. For information 
on hydraulic systems in radiation serv- 
ice, try these: 


George Keller, Autonetics Div., 
M North American Aviation, Inc., 
N RS E ees ae 


9150 East Imperial Highway, 
MONROE Calculating Machine Company, Inc. Downey. Calif 


rs DATA LOG Electronics Components Division C. H. Cannon, Lockheed Aircraft 


60 Main Street, San Francisco, Calif. Corp., Georgia Div., Marietta, Ga. 
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SHIELDED LOW-LEVEL 
TRANSFORMERS 


For input or coupling circuits, 
these transformers faithfully 
handle low-frequency a-c or 
chopper-modulated d-c sig- 
nals of from 0.0005 to 200 
millivolts. Highly effective elec- 
trostatic and magnetic shield- 
ing. Write for Specification 
$900-1. 





ElectroniK NULL INDICATOR 


The modern successor to the 
spotlight galvanometer, it's 
ideal for either lab or produc- 
tion work. Resists vibration, 
responds quickly, takes heavy 
overloads without “loss of 
spot.” Write for Data Sheet 
10.0-12. 





Electr-O-Vane PRECISION SWITCH 


Less than 2 gram-inches of torque actu- 
ates this high-precision SPDT switch. 
Switching action occurs with from 0.00025 
to 0.0025 inches of actuating lever 
movement. Use it as a non-loading limit 
switch, cutoff switch, or no-load safety 
switch. Write for Specification $800-1. 


for electronic use 


These instruments and components can serve 
scores of measurement, control and _ servo 
applications in your research and production 
work. Honeywell’s world-wide engineering and 
service organization can give you valuable help 
in applying these products. For details, call 
your nearby Honeywell sales engineer. He’s as 
near as your phone. Or write for the Honeywell 
Composite Catalog. 


MINNEAPOLIS-HONEYWELL, Wayne and Wind- 
rim Avenues, Philadelphia 44, Pa. 


0 10 20 30 40 50 Ap 70 © OO 100 


BROWN INSTRUMENTS 


For measuring, recording and controlling temperature, 
pressure flow, liquid level and many other variables. The 
line of ElectroniK potentiometers includes special models 
for research work ... such as the Function Plotter, Duplex 
Function Plotter, Extended Range Recorder, 4-second 
Pen Speed Recorder, Adjustable Span Recorder, High- 
Impedance Recorder, and Brown-Rubicon Precision 
Indicator. Write for Catalog 1561 





ae 
a. 


" 


BROWN SERVO COMPONENTS 
CONVERTERS, AMPLIFIERS, MOTORS 


These components, proved in thousands of ElectroniK 
instruments, are available as individual units. For remote 
positioners, null balance circuits, analog computers, 
co-ordinate translators, servo loops. Order in small 
quantities for prototype development, or by the thou- 
sands for production use. Write for specifications. 


[H| Honeywell 


Fut we Coitol. 
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FEEDBACK 


W. E. Mayhew, Republic Aviation 
Corp., Farmingdale, Long Island, 
N. Y. Ed. 


Information, please— 
computer literature 


lo tHE Eprror 
I had from you some time ago an 
abstract of “Review of Input and 
Output Equipment used in Comput 
ing Systems,” presented at a joint 
conference in March 1953. Was this 
type of conference ever followed up 
by others and did you publ 
ceedings? 
I presume these are norma 
lished by the AIFE but in any 
I should like vour sterling p1 
earliest possible delivers 
W. H. Brook 
Newman Industries, Ltd 
Bristol. Eneglai 








The Proceedings of the Eastern 
Joint Computer Conference of De- 
cember 1956 and December 1957 are 


available at $3 a copy. Proceedings of 

the 1957 Conference are in the mails 

now. Copies can be obtained by writ- 

ing to: Institute of Radio Engineers, 

, One East 79th St., New York, N. Y. 

melts processing profits! “Review of Input and Output Equip- 


ment Used in Computing Systems” is 
no longer available. Ed. 


woe PeeNE Pe Ate 
Information, please— 
contouring contro! 


FULTON SYLPHON lo tne Eprror 


I read the condensation of your arti 
SAFETY TYPE - cle, Se gr og seseanggy in Produ 
: ; tion”, in the February 19558 issue ot 
TEMPERATURE REGULATOR -— Factory Management and Mainte 
Don’t risk costly damage to products in a ; nance magazine, with great interest 
process... or injury to personnel. Install a However, our particular problem 
SAFETY TYPE Fulton Sylphon No.1006 ‘ “roughing out’’ forging dies in out 
Series Temperature Regulator. Control shop. This operation apparen ly 
valve automatically closes to prevent over- into the “contour control” 
heating if thermostatic charge is lost due _— % which was not covered in the nden 
to accidental damage to the unit. Self : sation 
powered. Large two-ply seamless Sylphon® 1 Would you kindly supply an etsae? 
Bellows assures sensitivity and extra power mation you have available, or forward 
over an extended life. Teflon chevron valve - the names of manufacturers who irc 
stem packing prevents sticking . . . assures es ictive in this phase pF . gt 
smoother control . . . requires no lubrica- re |. ra -— te 
tion. Sizes from 44” through 4’’. Whatever Buf ‘lo \ } 
your process, check up on this safety , 
“‘insurance’”’ now. Write for Bulletin D-NW. | Contact: 
Cincinnati Milling Machine Co. 
Kearney & Trecker Machine Tool 


4 Co., Milwaukee, Wis. 
WWE Shaw: ow Morey Machine Co., New York 
a City. 

an 


FULTON SYLPHON DIVISION - Knoxville 1, Tenn.| F<. 
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Giddings & Lewis Machine Tool 
Co., Fond du Lac, Wis. 





SEND-RECEIVE 
PRINTER 


TAPE READER 


TAPE PUNCH 


Teletype Model 28 Automatic 
Send-Receive Set 


New Teletype unit provides a two-way link 
for office-to-computer operations 


The Teletype Model 28 ASR serves a dual purpose in 
the office-to-computer-to-office data processing chain. 
This versatile unit functions as: 

1. IDP equipment for local operations in offices and 
computer center... and 


After computation—the resultant data is transmitted 
back through the ASR to any or all office locations. 
A New Application—The Teletype Model 28 ASR 
gives you an accurate method of testing and checking 
data processed through a computer installation. 


2. Communications equipment between offices and 
computer center. 

Data is programmed, edited and stored utilizing the 
tape punch. This single, initial operation is the only 
“key boarding”’ required. Data from tape is automatic- 
ally transmitted by tape reader to the computer center 
where it is received in tape form. 


METHOD: Test data on tape is fed into a computer 

through the Model 28 ASR tape reader. The resultant 

computer output is recorded on the page printer of the 

Model 28 ASR for comparison with a known answer. 
For more information on the New 100 Word Per 

Minute”’ Teletype Model 28 ASR and what it can do 
. use coupon below. 


TELETYPE CORPORATION 
Dept. 20 G, 4100 Fullerton Avenue, Chicago 39, Illinois 

I'd like a copy of the free booklet describing the NEW Mode 
NAME 


COMPANY 
ADDRESS 


2 


sussiniary or Western Electric Company INC 
































What can this new 35-acre plant 


— IS THE NEW HOME of Automatic Electric— 
originator of the dial telephone—and pioneer 
producer of automatic control equipment. 


Walk through this magnificent new plant—and 
you'll see the world’s most modern, most complete 
facilities for making relays and stepping switches. 


These are the vital components of remote-control 
devices used wherever automation is employed. 
This includes controls for giant milling machines. 
Check-out equipment and controls for guided mis- 
siles—for computers—stock-exchange quotation 
boards — automatic pin-setting machines. And 
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controls for electronic equipment of all kinds. 


Built to the exacting standards of the telephone 
industry, these ultraprecision units are available 
in scores of basic types. Any electrical control need 
can be met with an almost infinite variety of coil 
and contact combinations. 


Tour this plant and you'll see the uncommon care 
we take to produce relays and switches of superior 
quality. You’ll see why Automatic Electric has 
earned the reputation “world’s highest standard.” 
You’ll see why our relays set performance records 
of 200 to 400 million operations without a failure! 








Spacious, well-lighted working areas in this coil-winding 
department at Automatic Electric’s new plant are typi- 
cal of conditions throughout the more than one million 
square feet of floor space devoted to production 
operations. 


Filming high-speed rotary switches to study operations in 
slow motion. Basic research program of our laboratories 
extends into all areas of remote control by electronic and 
electromechanical means. Equipment includes devices 
for conducting vibration, life and environmental studies, 
and a completely equipped transistor laboratory. 





New miniature relays for printed circuits. New Series 
SQPC Relays fill a multitude of uses with dependability 
and long life (120 million operations or more). Features 


(lo for you? 


See, too, how our new and expanded research facil- include efficient magnetic design, permanently welded 


contacts, “stay-put” contact springs and many other 


ities and pro i ilities s ; oe 
ities and production facilities enable us to be more advantenss Sound tn oll Autemiiie Blectric Release. 


serviceable than ever before—able to meet your 
demand for quick delivery of these precision prod- 
ucts in volume. 


To schedule your visit, or obtain fur- 
ther information, write Automatic AUTOMATIC FLEGTRIC 
Electric Sales Corporation, Northlake, 

VAN 


7 : Northlake, Illinois 
Illinois. And ask for new brochure, 


“This is Automatic Electric.” It will Subsidiary of GENERAL TEL EPHONE WW 


give you a quick picture of our prod- 
ucts and our facilities. 
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CLIFTON PRECISION can give you what you want 


Mees {, PRECISION 
COMPUTING 
RESOLVERS 


CONTROL 


Size 8 
Wt.: 32 grams 
Diam.: .750 in. 


Size 11 
Wt.: 90 grams 


Diam.: 1.062 ins. 


Size 15 
Wt. 160 grams 


Diam.: 1.437 ins. 


ENGINEERING 


ACCURACY 


Without any compensation or balancing, 60% of a recent 
production run of our precision computing resolvers showed 
functional errors of under .03%. Ninety-five percent of the units 
showed under .06% error. 

Perpendicularity of axes is held to one minute of error in 
90 degrees, or +3’ on the full circle. Due to extreme 
symmetry of rotor and stator, nulls are excellent 
Low phase shifts are an added feature 


VERSATILITY 


Many types of Clifton Precision computing resolvers are 
offered including: 
e Sizes 8, Il and 15 
¢ Stainless steel housing and bearings (corrosion resistant) optional 
450°F High Temperature Units 
The following compensation available in any or all units 
Resistive 
Feedback Winding 
Thermistor 
Units suitable for use with transistors 
Pin or screw terminals or lead wires 
BuOrd type shafts available 
BuOrd MK 4 Mod 0 brush block configuration available 


PRICE AND DELIVERY 


Rotary Components are our business. We have studied the 
efficient manufacture of synchros and resolvers for many years 
—with results that have enabled us to lower traditional prices 
substantially in the past. We ask you to review what you are 
paying for precision computing resolvers. 

Early delivery has been further insured by our new facility at 
Colorado Springs, Colorado, which approximately doubles our 
capacity to produce high accuracy rotary components 

For many types of our resolvers we are already tooled and 
can make surprisingly quick delivery 

When you need any rotary component—resolver, synchro 
or motor, quantity or short run, think of CPPC 

Call or write Sales Department, Hilltop 9-1200 
(Suburban Philadelphia) or our Representatives 
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FOR SYNCHRO PROGRESS 





A CONTROL PERSONALITY 


Bernard Levine 





backs the components approach 


Like many other Cooper Union men, Bernie 
Levine graduated just in time (1944) to practically 
grow up in the precision components business. For 
years, he has been scrambling hard to come up with 
omponents that will fit within the black boxes 
designed by his systems-oriented customers in the 

Today he does his scrambling for 
Norden Ketay Corp., where he is vice-president and 
general manager of the Precision Components Div. 

Levine has no quarrel with the systems people. 
In fact, he is awed by the way in which the systems 
approach has conquered fantastic problems in fire 
control and guidance. But he feels that components 
engineers are too hard pressed to meet deadlines to 


militarv services. 


develop ideal hardware. “We've had to resort many 
times to derating and improvisation,” he says, “to 
special components that make a system 
1 result, the state of the components art 
Certainly, no one can dispute that 
scientific lvances in recent years have been lop 
sidedly in favor of systems.” 
What Bernie 


jump way out 


produce the 
work. \s 


idvances slowh 


a chance to 
in front of his friends in the systems 


Levine dreams of is 
business. He hopes the components industry will 
one day soon have on the shelf standard units that 
will meet any foreseeable requirements from systems 
engineers. An example of such a “universal” com 
ponent? Well, says Levine, a 4-in.-diam synchro 
rated at 600 C, 2,500 hours will satisfy any demand 
for many, many years to come. And, Levine stresses, 
such an item must not be a freak. It must come as 
a result of a real breakthrough in component tech 
nology, so that it can be producible in quantity at 
practical cost 

Levine not only thinks such a breakthrough is 
possible, but is willing to bet on it. For some time 
he and his engineers have been looking at “oblique” 
approaches to component design. That is why he’s 
ecstatic about Frankford Arsenal’s recent decision 
to back him for a study of these oblique approaches. 
Levine can quickly name at least 10 other manufac 
turers of servo components that share his belief 
about the feasibility of a breakthrough. 

But support for their R&D will be slow in coming 
from military agencies, most of whose budgets are 
earmarked for systems—not components. It is one 
thing to get an appropriation for the design of a 


system for a shot at the moon and quite another to 
win sponsorship for research on the unglamorous 
nuts and bolts needed to make the system work. 
Levine laments about the fact that he has never 
had a chance to study a Russian synchro—perhaps 
because the military is unwilling to break into any 
Soviet black boxes they happen to come by 

In his Commack, L. I. office, Levine 
signs a few checks now and then, just as does any 
other general manager. But he still holds the engi 
neering reins too, although it means stret 
his workday a bit longer. 
with his wife 


1amuts in 


hing out 
Relaxation comes at hom: 
Anne, daughter Linda, s Jerry, and 
a hi-fi set; on the golf course; and during his 45-min 
car ride to and from work (“. . . my 
to catch up on the news” 

I'here will be more time to relax when thc 
“ultimate” components are on the shelf. But in 
the meantime, Bernie Levine has a lot of black boxes 
to fill. (For one project, see page 26 


h imce 
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fi Hat ut 
Pa uf unlit (e 


Reoinbilil 


Mode! SC-18-2-M 


REGULATION 
and 
STABILITY 


*Two units mounted in 
Rack Adapter RA-2 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED Mode! 80-184. 


REGULATION (for line or load) 0.1% or 0.003 Volts 
(whichever is greater) 


*K VOLTAGE REGULATED seit * ies pen 
POWER SUPPLIES RECOVERY TIME 50 microseconds 


STABILITY (for 8 hours) 0.1% or 0.003 Volts 
OUTPUT| OUTPUT | OUTPUT (whichever is greater) 
MODEL VOLTS | AMPERES|IMPEDANCE PRICE TEMPERATURE COEFFICIENT 0.05% per °C. Am- 
pc pc a tater bient operating temperature 50°C maximum. Over- 
temperature protection included. Unit turns off when 
SC-18-0.5 0-18 0-0.5|}.04 | 4 s i ”1$195.00 over-temperature occurs. 
SC-18-1 0-18 0-1 |.02 | 2 “ : "| 250.00 SHORT CIRCUIT PROTECTION: NO FUSES CIRCUIT 
i a 2 BREAKERS OR RELAYS! Designed to operate con- 
SC-18-2 0-18 0-2 01 | 1 295.00 tinuously into a short circuit. Returns instantly to 
SC-18-4 0-18 0-4 . 05 x "113" 395.00 operating voltage when overload is removed. Ideal for 
: 3 z lighting lamps and charging capacitive loads. 
SC-36-0.2 0-36 0-0.2 |. 1.0 P 275. 
~— = OVER CURRENT CONTROL can be set from 0 to 
SC-1836-0.5| 18-36| 0-05]. 8 f P "| 250.00 120% of full load. 
SC-1836-1 18-36} O-1 |. 4 5 5 @”| 295.00 REMOTE PROGRAMMING at 1000 ohms per voit. 
: - stated regulation directly at load. 
SC-3672-0.5] 36-72 : 1.0 "| 295.00 Suitable for square wave pulsed loading. 
SC-3672-1 36-72 i 8 “113” 395.00 Continuously variable output voltage without 
switching. 
Either positive or negative can be grounded. 
Units can be series connected. 
A 0.01% SERIES IS AVAILABLE IN 13 NEW MODELS Power requirements: 105-125 volts, 50-65 cycles. 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 400 cycle units available. 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE Terminations on front and rear of unit. 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. High efficiency. Low heat dissipation. 
SEND FOR BROCHURE B-585 Compact, light weight for bench or rack use. 
Color: grey hammertone. 


K, f- hee c¢ O ORDERING INFORMATION: 
ang — _— use model numbers indicated in 
able. To include meters add M to the Model No. (e.g. 
LABORATORIES, INC. SC-18-1-M) and add $30.00 to price. 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y *Rack adapter for mounting any two 84%” x 4%” units is 
INDEPENDENCE 1-7000 available. Model No. RA2 is 5%”h x 19” w, is $15.00 
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Computer 
Market 
Shifts 


Supply and demand picture for 
computers in missile and aircraft work 
has changed sharply. Visitors to the 
Western Joint Computer Conference 
couldn’t help but notice that user 
engineers were being a lot more dis 
criminating in their examination of 
equipment. 

That’s a major change from 18 
months ago. At that time a missile 
contractor might rent or buy what 
ever equipment was available and 
be glad to get it. But today engi 
neers know a lot more about the 
kind of problems they're facing, so 
they specify computer 
more carefully and more narrowly. 

As a result, 
iround to find the computer with the 
capability and capacity for 
of problem they want 


requirements 
customers are shopping 


specin¢ 
the specin¢ type 
solved 

In addition, word heard at WJCC 
indicated that improved models of 
existing computers weren't selling as 
well as expected. ‘Those 
that have fared best are the 
that have completely new 
developments on the market, develop 
ments that make it easier for 
effective use of their 


companies 
ones 


} 
placed 


user;rs 
to make more 


omputers 
( Nh} l I 


New 
Guidance 
For Bomarc 


Force’ surface-to-all 
Bomarc has two guid 
lio-controlled SVS 


in the 


sensors 
yurse. Now Bon 


idvanced 


ground co 
month Westing 
house Electric Corp., which is build 
ing the awarded 
a $10 million contract to develop a 


gettin 
, 
trol system Last 


a cw 


terminal system, was 


vstem that would 
> Control the missile over 
ibly longer ranges 


> Permit automatic 


} 
COnSICdCcI 


radar tracking of 


WHAT’S 


NEW 


zation and automation held in the 
Kremlin recenth 

Claiming the “world’s fastest rate 
of growth of labor productivity” for 
Russia, Kuzmin cited these plans 

> The metal working industry will 
have in use over 1,4 automatic 
transfer machines by 1965; the 
working industry, 3 

> Tests of the fir 
matic locomotiv 
human interferen 

> An automatic machine has 
developed to det e optimum ex 
ploitation patterns for gas and oil 

> Five times 


equipment will b 


I 


targets before and after 

P Permit tracking of 

simultaneously. 

P Reduce size to make the ground 

control system more easily portable. 
Initial tests of the Bomarc have 

been conducted at Cape Canaveral 


How the 
Soviets Boost 
Production 


Eighty percent of the increase in 
Soviet production up to 1965 will is in 19 
result from increased productivity Kuzmin point 
That’s what Iosif Kuzmin, vice-chair- USSR is producing 
man of the USSR Council of Min- world’s manufact 


isters, told a conference on mechani- pared to only thre 


launching 
more targets 


wot rd 


requires 
under way. 
been 
1utomation 


Q 





TRANSIENTS IN CONTROL 
EMI Elect: 


British electronics manufacturer 
built a wire guidance system for automatic 
trolleys and trucks in Current 
the wire sets up a magnetic field which is dete 
coils mounted on the front of the trolley \ppar« 
is similar to Guidematic, developed by U.S.’s B 


warehouses. 


\utomatic testing equipment has been develop« 
Aircraft Corp.’s Georgia Div. to 
equipment 


speed testing 
harnesses. ‘The new gives the 12 
three-way check in 3 min; it used to take 75. Aut 
is more realistic because a 24-volt system is usc 
3-volt current formerly employed 
7 
Still another automatic mail sorter has gone to w 
ington, D.C.’s city post office, an electromechanical sem 
machine is sorting 250,000 pieces of mail a day. Built 
l'elephone Mfg. Co. of Antwerp 
lelephone & Telegraph), the machine has six oper 
it a key board and punches out mail’s destination 
. 
British IRBM is being built by DeHavilland P1 
rocket power plant will be supplied by R 
> guidance system by Sperry Gyroscope Co 


a subsidiary of 


I'wo machine tool builders are adapting availa 
control systems to their machines. Cleerman Machi 
is using the General Electric point-to-point posit 
CtE, Jan. 58, p. 92) on a layout drilling machine 
chinery Co. has put Stromberg-Carlson’s Electroni 
tems Div. Digimatic (CtE, Feb. °58, p. 115) on 


machine to cut continuously circular contours 














WHAT'S NEW 


Here’s what’s going on 
at one of the Air Force’s 
basic research centers. 
Projects range from 
developing high-speed 
computer equipment to 
studying rocket guid- 
ance—all aimed at con- 


quering space travel. 


Plasma jet reaches temperatures as high as 25,000 deg F 


Aeronautical Research Laboratory 


to simulate conditions 


Probes Space Flight for the Future 


Because its mission is the future, 
the U.S. Air Force’s Aeronautical 
Research Laboratory has shifted re- 
search emphasis from aerodynamic 
flight to space technology. And to 
speed the conquest of space, ARL 
moved, in May, into a spanking new 
$3,787,000 Physical Sciences Labora- 
tory* at Wright-Patterson Air Force 
Base. Studies under way at the new 
facilities leave little doubt about Air 
Force interest in space flight. Here's 
a run-down on a few of the unclassi- 
fied projects of particular interest to 
control engineers: 

> Development of a_ high-speed 
electronic printer capable of printing 
10,800 lines per minute, for use with 
high-speed digital computers. 

> Research on solar radiation, aimed 
at least in two directions: studying 
cadmium sulfide crystals to improve 
efficiency of solar batteries, and deter- 
mining how to use solar energy to 
decompose water into oxygen and hy- 


* Located just a half-mile from the plain 
on which the Wright brothers did some of 
their basic studies on the first airplane. 
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drogen (so the gases can be used in 
a fuel cell). 

> Simulation on the biggest (500 
operational amplifiers) analog com 
puter ever built at one time. This 
REAC has automatic programming, 
automatic checking of patchboards, 
and automatic identification of runs 
on recorder printouts. 

P Light amplification systems ex 
tending limitations of the eye from 
1/1,000,000 foot-lambert to 1/100, 
000,000 foot-lambert; sights are set 
on 1/10,000,000,000 levels. 

P Development of an_ electronic 
camera to photograph explosions and 
plasma experiments; camera can take 
16 pictures in 100 microsec. 

P Development of new chemicals 
with unusual properties. ‘Typical ex 
ample: the perarylated silanes. Devel- 
oped primarily as a high-temperature 
lubricant—they can lubricate at tem 
peratures as high as 1,000 deg F—the 
silanes have properties that make 
them useful in nuclear instrumenta- 
tion, too. 

> Studies with hypersonic wind tun 
nels and shock tubes to learn funda- 


mentals of 
speed flight 
P Efforts’to simplify rocket guid 
ance by developing techniques for 
displacing rocket-engine thrust vector 
without gimbaling the entire engine 
Obviously, the efforts of ARL span 
the entire field of scienc Phree 
branches cope with the systems con 
cept and computational aspects of 
space research. These three, the only 
portion of ARL not located in the 
new building, are: systems dynamics 
and digital and analog computation 
In the systems branch, 


high-temperature igh 


cientists 
formulate and investigate fundamental 
problems, primarily using simulation 
techniques. Two typical examples 
determining what direction and speed 
a nonhoming rocket must have at the 
point of departure in space; and 
determining the best trajectory fot 
a homing missile to follow in an at 
tack on a bomber aircraft. Solution 
of such problems are then handled by 
one of the computational groups. 

* Digital studies—The digital com 
putation branch uses a Univac 1103, 
has just added a Univac 1103A, which 





should start operating this month 
But in addition to operating such 
equipment, the digital branch also 
conducts research in computing tech- 
niques and equipment. One such 
effort has resulted in a_ high-speed 
electronic printer that prints out 
10,800 lines per minute. Built by 
Radiation, Inc., the printer 
about $40,000. Each line contains 
12 digits; line capacity could be ex 
panded to 90 digits by adding elec 
tronic components (at a cost of about 


$25.000 


costs 


Just recently, ARL set up a new 
group to probe the application of com 
puters in space vehicles. This new 
computer research branch’s job is to 
study environmental effects on com 
puters during space travel. 

* Hi-fi simulation—Costing as much 
is the new building, ARL’s new 
REAC analog computer is the last 
simulation equipment. Its 
component accuracy—an order of mag 
nitude better than most machines 
makes engineers talk of high-fidelity 
simulation of air-weapons systems 


word in 


One unusual characteristic of this 
its high degree of auto 
components can De 
machine; and 
a separate checking device 


computer 1s 
maticity Ihe 
programmed off the 
ARL has 
that automatically reads out what con 
nections have been made by the plug 
Another example of automatic 
operation automaticall 
programmed on tape. 

By paralleling capacitors, t 
puter 


board 
inputs are 
he com 
simplifies checking frequenc 
lag. One switch automatically slow 
down the problem to half-speed so en 
gineers can determine if servo lags are 
introducing errors. And at the start 
of the run, the computer tests the 
recorders, then prints out on the rec 
ord the location of zero, scale being 
used, clectrical zero, and _ the 
speed—all automaticalls 


papel 


Ihe analog branch also has a sepa 
rate universal checker that dynami 
cally tests every computer element 

‘Improving on the cat-eye—In thi 
physics laboratory, studies are under 
way on light amplification, an area 
that has application today as well as 
in future space vehicles. ARL has im 
proved the devel 
oped, so the human eve can detect 
illumination at levels below 1/1,000, 
000 foot-lambert. ‘Two devices being 
evaluated are worthy of 


‘cat-eve”’ svstem 


mention 
[he video storage reproducer elimi 
nates ‘I'V noise at high amplification 
by storing 90 percent of the pattern, 
thus producing the picture periodi 
cally instead of continuously. The 
dynamic background compensator can 
pick up only those objects which ar 
in motion. Its use, is to spot moving 
targets normally not visible 


Still another physics project is the 
development of a high-speed elec 
tronic camera with no moving parts. 
Capable of taking up to 16 pictures 
in less than 100 microsec, this device 
combines an optical and an electronic 
lens system. Light rays are first fo 
cused by a conventional lens onto a 
surface which is sensitive to photo 
electrons. Electrons emitted are fo 
cused electronically onto a phospho 
rescent screen at the end of the 16 
in. camera barrel. Position of th« 
image is then moved to different 
places on the film by changing a mag 
netic field. 

*New molecules—In the chemistn 
laboratories, ARL scientists are devel 
oping new molecules with unusual 
properties. One unique compound 
has been made by 
itoms through arvyls (chemical ring 
groups) to produce perarylated silanes 
Among the advantages of the silanes 
ire: thermal stability, good electrical 
insulating properties at high tempera- 
tures, and stability under nuclear ra 
diation. 

Developed is a high-temperature 
lubricant (up to ] leg 


swirling silicon 


silane shows promis¢ for 


tection because of its property 
scintillating under radiation. Actu 
ally, silane 


portant 


permits making two im 
nuclear measurements with 
material: first, how much 


radiation fell on the material over a 


the same 


period of time, and second, how much 
radiation is currently hitting it 
*Plasma for high temperatures—A 
number of branches of ARI 
studving the problems of exceptiona 
high temperatures raised by 


] x 
] 


C 


i 
} 
i 


ISS! 


ind space flight 
of experiments und 
heating. One techni 
ing high temperat 
deg C) involves ] 
ized gases. But thi 
temperature m«¢ 
remains a problem 

Also widely 1 
ire the hyp 
hock tubs 
defined as m«¢ 
of Mach 5 

ARL has al 
sonic test vehick 
that reaches 
11,000 mph. As 
the laboratory ha 
tape recorder, al 
grapefruit, to rid 


] 
rocket It can 


I 


hannels for abo 
ictive material lo 
the recorder |] 
ifter a_ test u 
Holoman AFB 
In reviewing 
laboratory, Col 
ARL, uppli 
ics. On 
ARL « 


men with 


AW 


sum 
ve rhe id chic 
instrumentati 


Lewis H. Young 








DYNAMIC PRESSURE FEEDBACK 


ELECTROHYDRAULIC SERVO VALVES 
provide stabilization of resonant loads with @ no sacrifice of static st 
e high positional loop gains @ no undesirable power dissipation 


MOOG VALVE co. INC. Proner Airport « East Aurora, New York 
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COSTS IN DOLLARS AND... . . « AS PERCENT OF TOTAL PLANT COSTS 
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Figuring Costs For 
Power Plant Instrumentation 


; 


Costs were one of the key = ™tion 
topics at ISA Power Division’s — '*@c! an _cxact money 
first annual Power Conference. oo tation can prevent 
The sessions produced some in- condition that might require frequent 
teresting data relating instru- = and expensive repair 
mentation costs to total plant improved res] 
expenditures. 


P reduced maintenance 


plant. Although 
ustify exactly in dol 
proved responsiven¢ 

the instrumentation change does result in sav 


in a new electric power plant likely Johnson also presented the 1 plant te 


( 
to cost? ‘That’s a question that’s pr f analyzing instrumentation « fig costs must bx 
bably asked every time a plant is ures for a number of plants ie bes strumentation 
planned. And usually there’s no easy correlation, he indicated, ari vhe Mullen preset 
inswer. But some useful guidelines the cost of instr bor 


were laid down in May by the men pressed as a_ percentage 


most intimately connected with th« plant cost, not including 


design of new plants—consulting engi ground, substructures 

neers and constructors—at ISA Power es, et An analvsis o 

Division’s inn ial wer ( mnferen¢ Cnc! ing plants Val 

meeting » } 
one 


I 
lant hnsor 
pildl I< mson 


Ss 


found in power plants, then 


the factors that mak up the final News Record in O 50) showec tageous purchasing 


} 
' > i ‘ 

Hill pointed out the extremes to be i nstrumentati¢ st per kilo s obscured bv su 
] 


] . = . 1 
isted idjusted to a ngineering rates, scheduling of 


gu 
decision on how well to instrument i variation of $1.2 )p kw, h report 1 that inst 
10O¢ yf ranee | t 


> improved efhciency expressed in lhomas Mullen of Burns & Roe total plant 
] +], 2 


i powel plant HI factors A 1ana mm 4 
cost 


4 ] ] } 
terms of dollat Saved l a for explained he \ Maust scparat 


instruments I nit O nvest instrument 


nent—and a perating infor 





THE NEWEST 
SMALLEST 
LIGHTEST 
SERVOMOTOR 


by |B isla-ve 





SIZE O08 SERVOMOTOR 


To meet the increasing demand for low weight small 
size components, Muirhead have produced the size 08 
servomotor. Conforming to the standard 08 frame, 
this miniature motor has an overall diameter of 
0-750 in., a length of 0-963 in. from the front face of 
the spigot to the ends of the connexion tags, and 
a shaft extension of 0-156 in. The shaft is splined in 
the form of an involute pinion of 13 teeth 120 D.P. 
0-1245,0-1240 in. O.D., 0-10830-1078 in P.C.D. 20 
pressure angle. The body material is black dichromate 
finished stainless steel. 


TECHNICAL DATA 
Type Number O8MIOAI 
Supply- - 26V 400c s 
Stall Current - 77mA 
Stall Power - - 1-7W 
Stall Torque - - - 0-1 oz. in. 
Stall Impedance - 286 + j 184 ohms 
Stall Power Factor - - - 0-85 
No Load Speed - - 6500 rev min. 
Rotor Moment of Inertia 0:0026 oz. in? 
D.C. Resistance - 230 ohms 
Weight - 100z 


Temperature rise of motor stalled in 
free air unmounted - - - - 65°C. 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Ave., New York 22, N.Y., U.S.A. 


MURRAY HILL 8-1635 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 


TELEPHONE 3717 


MUIRHEAD & CO., LIMITED, Beckenham, Kent, England 
337/3 aad Stine j 
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instrument and control expenditures 


Combustion control equipment 
to 20 percent; steam temperature c 
trols—2 to 5 percent; coal pulverizet 
controlsx—7 to 10. percent: 
controls—+ to 6 percent; flo 

9 to 11 percent; level 
3 percent; remaining ¢ 
annunciators, ctc. 

Looking to the futu 
R. F. Myers predicted in 
of digital computers for 
control, over and ab 
performance monit 
rate and cost per kilowatt 
putations) now being dor 
computers. Another | 
presented by W. A. Sun 
Services, Inc., in the paper 
Station Control, ‘Toda 
row” 


—Harry R. Karp 


Research in 
Components 


In the armed 
ilmost totally 
takes foresight, guts, o1 
for R&D agencies 
on a components 
Frankford Arsenal 
month by awarding 
Norden Ketay Corp 
component development 
tive: to spur the design 
of standard components 
for routine application 
the worse foreseeabl 
ditions in military equi 

In some quarters, th 
he regarded is modest 
$70,000 and is limite 
study stage on data tr 
vices (synchros). But 
modest by present crit 
to produce units that ar 

P operable at 600 ¢ 
life spans 

> compact, measuring 
diameter (5 size svnchr 

P accurate to plus o1 
of arc; and 

> standard for all ipplica 

Just what these mean bec 
evident when the present s 
art is reviewed. ‘The sm 
standard synchro is the 
in. diam) rated for 100 ¢ 
possibl« today to obtain synchros meas 
uring only 3 in. in diameter, or oper 
able at 200 to 300 C, or accurate to 
plus or minus | min of arc or better. 
However, such characteristics are pro 
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Yarn control of the Cobble 
Bros.’ Tufting Machine is 
alceltle lam -i(-leigier-|Merelal t-te 
fingers which transmit impulses 
to 120 CLARE RELAYS each 
Controlling two electro- 
magnetic clutches. 














That’s why 


COBBLE BROS.’ controls were 
designed around Clare Relays 


“The most important reason Clare Mercury -Wetted - Contact 
Relays were chosen as the basic components for this control is 
their reliability.” 

Assurance of billions of trouble-free operations caused engineers 
of Cobble Bros. Machinery Co. to design their electrical control 
system around Clare HG relays. 

There are 120 Clare HG Relays in controls of the Cobble 
Yardage Tufting Machine shown. They receive impulses from 
120 electrical contact fingers as they “‘read’’ the pattern. The 
relays operate electro-mechanical clutches to translate these im- 
pulses into intricate carpet designs. 

Reliability means freedom from costly maintenance. If, like 
Cobble Bros.’ engineers, you want only the best for your design, 
let us tell you ALL about Clare Mercury-Wetted-Contact Relays. 


Address: C. 4 Clare & Co., 3101 Pratt Blvd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada Ltd., 2700 Jane Street, Toronto 
15. Cable ahitichd CLARELAY. 


CLARE RELAYS 


FIRST in the industrial field 





Each relay is housed with a 
transistor in this modular type 
unit. The module is then plugged 
into the control system. 


Send for Clare Bulletins 
120 and 122 





New Designs 
in Motors from 


VARIABLE SPEED SUB- 
FRACTIONAL DC MOTOR 


This new motor— Model RBD-25 
—is available in two standard 
units: RBD-2505 with a rating of 
0.5 oz. inches; and RBD-2510, 
rating 01.0 oz. inches. Both oper- 
ate at speeds up to 1800 RPM 
with input of 24 to 115 V.D.C. 
This is a shunt wound motor and 
speed can be varied by changing 
armature voltage. 


SYSTEMS DEVELOPMENT 
MOTOR KIT 


Designed primarily for research 
laboratories and engineering 
departments, this kit makes it 
possible to determine the prop- 
er servo, torque or synchronous 
motor required for instrumenta- 
tion and automation applications. 
Eliminates the need for purchas- 
ing sample motors for testing. 
Contains all the necessary motors 
and components to assemble — 
with bench tools only—32 dif- 
ferent motors. 


For more information, write, 
or use Readers’ Service Card. 


2-SPEED REVERSIBLE SUB- 
FRACTIONAL AC MOTOR 


Model RBC-2514. Available with 
basic speeds of 1800 RPM and 
3600 RPM and with standard 
gear reductions from 3:1 to 
3600:1. Basic torque ratings for 
continuous duty at 115 volts, 60- 
cycles; 3600 RPM synchronous 
range from 0.15 to 0.5 oz.inches. 


Sales — Service Representofives in Principal 
Cities throughout the World 


MOTOR DIVISION 


NATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston, Massachusetts 


Designers and manufacturers of mechanical, pneumatic, hydraulic, 
electric and electronic equipment and systems 
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as synchros’’. 


vided only by derating the component 
in respect to some other parameters 
and a derated component is a “spe- 
cial”, The result is that a single mili 
tary plane may be equipped with as 
many as several hundred synchros, 
different, nonstandard 
item. Such a situation creates chaotic 
spare-parts stocking problems for the 
military. 

¢The Army’s view—One enthusias 
tic supporter of the component ap 
proach is Anthony Bruno, who as 
chief of Frankford’s Fire Control Lab- 
oratory, is close to the spare-parts head- 
ache. One of the basic difficulties, 
according to Bruno, is that many sys- 
tems 


each one a 


engineers ignore components 
until thev’ve finished their designs. 
rhen, the components people have to 
work under pressure to improvise 
something that will fit within the 
black boxes. Bruno wants standard 
units—but standards that offer the ulti- 
mate in performance (hence, the jump 
from 100 C to 600 C). His thinking 
is that svstems designers, given such 
ideal components, will be as unhin 
dered in their design efforts as they are 
when they demand “specials” 

And Bruno proudly points out con 
crete evidence of the benefits of the 
components approach. Frankford, onc 
of the military agencies that pay am 
heed at all to components, contributed 
heavily to the evolution of the 23 size 
svnchro from the 5-in., ‘ 
of World War II 

Bernard Levine (page 19 
manager of Norden-Ketav’s 
Components Div., 
is some real work ahead for his engi 
neers before a 600 C unit can be dev 
oped. At that temperature, says Le 
vine, steel glows red visibly in bright 
sunlight. And, there is a fourfold in 
crease in the resistance of copper, so 
that a svnchro tends to lose its 
tive character 

¢ The approach—First, Levine plans 
to research components that are “r 
ognizable as synchros”. This will be 
largely a matter of substituting for 
existing materials. For example. Stel 
lite, commonly used now for jet-e1 
gine blades, may appear in ball beat 
ings. And, ceramics will certainh 
over the job of insulat 
materials, of course, 
tor 600 C service 


five-pounder”’ 


| 
genectali 

) 
Precision 
idmits that there 


induc 


lhen Levine plans to develop com 
ponents that will “not be recognizable 
His engineers have al 
ready worked out (on paper) a capac 
itive synchro that 
from established 
practice, 


departs radically 


induction machine 


—John D. Cooney 











NOW AVAILABLE... Not merely a laboratory instrument, but a 
fully ruggedized, reliable digital recorder designed for a whole gamut 
of industrial applications where long periods of unattended operation 
with minimum maintenance and down-time are paramount. Stand- 
ardized speeds, track-width and spacing, and start and stop distances 
assure complete compatibility with other digital tape transports and 
handlers. Contact your nearby CEC field office for complete information, 
or write for Bulletin CEC 1608-X13. 


*Modularized components, such as Power Supply Unit 


at right, permit instant access and easy maintenance 
or replacement with minimum down-time. 


DataTape Division 


CEC announces 
the new 


digital 


magnetic tape 


recorder[reproducer 


all transistorized electronics 
lar construction* 
and stops in less than 5 milliseconds 
spec d servo AY LEY 
1uous-duty servo motors 


1/l-metal-surface. magnetic heads 
SPACING BETWEEN READ AND WRITE HEADS 


to 1%” tape 
10%” reels with NARTB hubs 
designed for standard rack mounting 


size: 19” wide by 24%" high by 13” deep 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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(4 METERS 
POSITIVE CONTROL OF MATERIALS IN morion ly) cot: 


CONTROLS 
‘ J 
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As INFALLIBLE as TIME itself... . 


ASK FOR PROOF! 


Builders-Providence pioneered time-duration telemeter- 
ing over 25 years ago. . . and now offers you the experi- 
ence gained in engineering thousands of performance- 
proved installations. Prove how this system can make 
your installation more accurate, more dependable, and 
more economical! Request Bulletin 230-H4A. Write 
Builders-Providence, Inc., 528 Harris Ave., Providence 
1, Rhode Island. 


pococococcnccnf-e 


Please send me the POSITIVE FLOW 
CONTROL bulletins checked below: 


Shuntflo Bulletin (400-J10A) . . . for metering air, gas, steam 


Propelofio Bulletin (380-K4B) .. . for metering water 


Conveyofio Bulletin (550-P5) 


. for weighing belt-conveyed 
materials 


Chronofio Bulletin (230-H4B) 


Venturi Flow Nozzle Bulletin 130-E2A . . 
high temperature metering 


Dall Flow Tube (DFT-PI) 


. . » for telemetering and control 


. for high pressure, 


TIME-DURATION 
TELEMETERING! 


BurLperRS CHRONOFLO TELEMETERING depends solely upon the 
positively controlled duration of regular electric circuit closures! 


Chronoflo is not affected by normal variations in line volt- 
ages, resistance, inductance, or ambient temperatures . . . and 
will resume accurate measurement without adjustment should 
temporary loss of power occur. It measures directly in terms of 
function measured. 

Chronoflo, used in supervisory control systems, integrates 
readily into data reduction, tone and/or micro-wave transmis- 
sion, and similar systems dependent upon electrical transmission 
media. It brings these systems the many advantages time-dura- 
tion telemetering has over impulse signal types. With Chronoflo, 
any of the following functions can be performed more accu- 
rately, more dependably, and more economically: 


@ REMOTE METERING @ IN-PLANT CENTRALIZATION 
® REMOTE CONTROL @ MULTI-FUNCTION METERING 
@ AUTOMATIC CONTROL of time-duration actuated equipment. 


NEW LITERATURE 


Name 
Company 
Address 


City State 





Bulletin 115-R1 .. . for low cost, 
specialized metering 





@BUILDERS-PROVIDENCE 
B-I-F INDUSTRIES@ ic: 
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SPECIFY Gif) 


FLOW METERING ELEMENTS 
FOR CORROSIVE FLUIDS 


Builders Model DFT-PI Dall Flow 
Tube .. . insert- 
type, plastic pri- 
mary metering 
element. Low 
cost, accurate 
Suitable for most 
applications, es- 
pecially corrosive 
fluids. Bulletin 
115-R1. 

FOR HIGH PRESSURES & TEMPERATURES 


4 


Builders X-TRA-HI Flow Meters... 
for high temperature, high pressure 
applications proven in primary 
loop of every major atomic reactor in 
America. Bulletin 130-E2A 





DRY MATERIALS METERING 

Builders CONVEYO- 

FLO® Meter . . . total- 

me =6=1ZES belt- 

rf conveyed 

materials — accu- 

racy +0.5 of 1% of 

full scale load over 

10:1 range. Pneumatic 


force - balance system 


continuous integration 
overload protection 
explosion-proof. 

Bulletin 550-P5. 





LIQUID METERING 


.: 
Builders PROPELOFLO® Meter .. . 
direct-reading, propeller-type liquid 
meter... 2” to 20” lines . . . within 
+2% of actual flow over specified 
range . . . capacities ranging from 15 
to 5,800 GPM. Bulletin 380-K4B. 








STEAM, AIR, GAS METERING 


Builders Shuntflo 
Meter . . . self-con- 
tained, self-operated 
meter ... for 1” to 
24” line sizes 
accurate within 
+29 of actual rate 
of flow. Provides 
continuous and auto- 
matic pressure com- 
pensation, Bulletin 
400-J10A. 


MAIL 
COUPON 
TODAY! 





WHAT‘’S NEW 


Industrial Telemetry 
Gaining Ground 


Visitors to a recent oil industry show were surprised at 
the emphasis on supervisory controls. But it’s proof that 
telemetry is gaining widespread acceptance in process in- 
dustries for data gathering and remote control applications. 


Telemetry techniques are best cuish between short 
known as a tool of aircraft and missil *One new system 
tester Not so well known are th v Telepulse svsten 


wavs telemetering is being lou first time at th 
Electrical 


Suppl 


the process industries for 
both information and control 
Last month, Shand ras Jur 

1 brand new svstem at the 
Gasoline Co.’s Muskegon 


finer This new high s] 


pulse system demonstrates tl 

problems of industrial telemeterin cuit has been incorpor 
Requirements for industrial tel possibility of mistakes 

> there are self-rep 

for military svstems. For o1 hing, (he initial installat 

industrial needs for accuracy d ' will report 


metering are quite different than th 


remote reac 
full digital techniques level and temperature 
ing of liquid level in a gasoline stor torage tanks id 

age tank, for example, requires an pump motors and va 
accuracy within ¢ in. over the full capacitv: 110 
range of tank height, frequently 40 for level and temperatu 
to 48 ft. And there’s a trend to cut gle wire pait 
this down to w or even in same system 


tanks, 


telegi 


OT Tis 
ypen 


Another difference IS 1n permissibl« ind starts and st DS 
transmission speed and messag in unattended marine t 
length. In missile testing, large vol miles 
umes of information have to be moved The 
quickly. But in petroleum applica 


tions, message transmission may tak« 


iwa\ 
alarm svstem 


pi ssible 


unsolicited basis any 
ibnormal conditions 

as long as 15 or 20 sec without any excessive tank level. 
loss of operational efficiency. One rea tures, high or low pressut 
son for slower transmission rates flow rates, fire, or 
process industries want to use rela 
tively low-grade communication facili finerv’s control room can both see the 
ties (for economy Therefore, most alarm signal on an annunciator and 
systems are designed to operate ove! hear a horn sound it He must 
low-grade telegraph circuits. (Typical 
rentals: telegraph lines, approximately 
75 cents per month per mile, com *Starts with digital address—Here’s 
pared to lowest quality telephonc how the telemetry system 
lines at $5.50 per month per mile. 

Under such transmission conditions 
it’s easy to see why the full digital tion desired, over the single wire pait 
system is so popular. to one or more field selectors. ‘The 

The communication link carries correct field selector answers. while 
simple equal-width pulses at 15 pulses all others ignore the 
per sec, with fidelity just sufficient to turns on the proper transmitter which 
permit their being recognized as pulses Starts sending 
at the end of the line. ‘The receiving First the  transmittet 
equipment doesn’t have to distin 


include 
tempera 
incorrect 
iny other unusual 
occurrence. An operator in the re 


acknowledge it by pressing 


manual 
reset button 


vorks at 
Aurora. ‘The control station sends a 
digital address, unique to the fun 


iddress, then 


sends its 
unique digital name, identifying both 
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ELIPOT’s newest potentiometer ... the single-turn, 
1-1/16” A.I.A. diameter, all-metal series 5200... fends WHAT’S NEW 
off 2,000 cps at 30G’s, repels 10 cycles NAS 710 procedure 
III humidity, rides out 50G’s shock and 100G’s acceleration. the field selector and the transmitt 
We’re tough, too...on the 5200’s mechanical tolerances. Vhis is followed by one or two pulsi 
groups representing liquid level, 


I 
perature, pressure, flov 


to 0.001” max ...spring-loaded shaft eliminates endplay. process variable 


tem 


Register face, diameter and shaft runouts are all held 


or other 


tot 


; ; : : < : At the control station, t O 
All this with linearity to + 0.15% ... power rating of firmation ems from tl " ~ ithe 
‘ gl Ol tie Transmitter 
3 watts at 100°C (derating to zero at 150°)... 250 to 100,000 is automatically compared with the 
: . ; sriginally s “ 
ohms standard resistance range... and certified test selection group originally sent. If cor 
respondence is established, the infor 
mation following is ived and dis 
What a pot for airborne applications ...at a down-to-earth tet : ey spondence 
established, the entire message is r 
. ! r: 2 oA YT) ‘] o . 
price! Write for data file G 72 for the proven facts. jected as an incorrect selection. This 
error can be caused by line faults 
switching transients on leased lines 
lightning-caused interruptions, et 
or by equipment malfunction 
I'he control station 


data to prove our every claim. 


l 


Helipot Corporation, Newport Beach, California 
: a division of Beckman Instruments, Inc : 
Rc rma n® aes resence oO tra pu 
S ec Tier Engineering representatives in 27 cities. . of extra on 


Helipot i1utomatically Anv er 


potentiometers . . . dials delay lines . . 
entire message to be 
expanded scale meters 


1 1 
rotating components . . . breadboard parts both audible and isual Warnings 


Ihe indications have to 


edged by resetting a pushbutton 


ICKNOW 


Control signals are dispatched in 


l 


first reports the true condition of 


1i¢ 


distant device, then allows the oper 


a similar manner Che equipment 


a 


itor to change it 

* Limitations—One limitation of the 
l'elepulse system is that it uses selec 
tive supervisory control. ‘hat means 
only one of many parts can be 1 
motely read or controlled at a time 
['wo or more points cannot be han 
dled simultaneously and strictly con 
tinuous supervision is generally not 
possible, even on one point, because 
the single communication link is full 
occupied by trafic from the point 
chosen and the nature of the message 
transmitted is sequential 

l'elepulse’s automatic self-reporting 
ilarm transmitter can overcome these 
objections partially, by interrupting 
ordinary trafic to transmit a high 
priority alarm signal whenever an 
abnormal condition triggers its action. 

In addition, a recycler has been in 
corporated to interrogate a chosen 
point on a repetitive basis, once every 
20 to 30 sec. 

The function control unit is capa 
ble of true continuous monitoring of 
one point so long as point selection 
is unchanged and no alarm is received 

Costs of an industrial system are 
far below those of most airborne 
telemetry installations. Some typical 
industrial prices: digital level trans 
mitter, $250; pressure and tempera 
ture transmitters, from $200 to $500; 
control stations, $700 to $3,000, de 
pending on complexity. 

—Kemp Anderson 
McGraw-Hill News 
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N OW the leaders in direct oscillographic recording 
offer you new standards in dynamic measurement with a 
complete family of 


Honeywell Visicorders 


featuring the all-new 


Model 1012 36-channel direct recording 


ISICORDER’ OSCILLOGRAPH 


designed from the base up to make fullest use of the 


completely proven and unsurpassed Visicorder principle 


pioneered by Honeywell. 





HONEYWELL 





oT 
¢ 


The dry and dustless direct-recording oscillo- 
graph that records without the use of powders, 
liquids, vapors, or other processing .. . 


The new 36-Channel Model 1012 ISICORDER OSCILLOGRAPH 


is the only direct-recording oscillograph... 


* that provides a consistently accurate grid line system (am- applied simultaneously to galvanometers and timing system 
plitude reference coordinates). By recording longitudinal are in exact time relationship on the record. 
reference lines simultaneously with galvanometer traces and 
timing lines, the reference is always accurate, even if the 
paper should shift slightly during recording, or is suscepti- 
ble to subsequent dimensional changes. 


* 


that offers complete push-button control of record speeds, 
without changing gears, in 15 steps from 0.1 to 160 in./sec., 
with automatic recording intensity control. 


* 


that provides “center galvanometer” performance in all 


* that can be loaded and unloaded in 2 matter of seconds, in galvanometer positions. 


daylight, without separate magazines. a i : 
* that utilizes hermetically sealed plug-in galvanometers that 


* that permits running the record backward, as well as for- do nof require dummies in unfilled positions, and that are 
ward, for closer study and analysis. completely interchangeable between various models (700C, 
* that gives you a choice of 5 time lines intervals (.001, 0.01, 906A-1) because optical arms (11.8") and, consequently, 
0.10, 1.00, 10.0 second) recorded by means of a flash tube, sensitivities are identical. 
with provision for external synchronization. External signals * that provides loading, operation and control from one surface. 


... And these are just a few of its versatile features! The Model 1012 Visicorder is the most versatile in- 
strument ever devised for converting dynamic data into immediately readable analog records. It has been spe- 
cifically designed to make full utilization of the direct-recording Visicorder Principle that Honeywell pioneered 
and introduced with the Model 906 (see back cover). With the 1012, you can take records up to 200 feet in 
length with a wide selection of record speeds that provide maximum readability of the galvanometer traces even 
at the highest frequencies. You can record at frequencies from DC to 5000 cycles per second, at sensitivities 
identical to photographic-type oscillographs, and monitor the information as it goes on the record. The features 
of the Model 1012 give you conveniences never before possible in analog recording. Paper loading and unloading 
is quick and foolproof. A complete system of readily accessible controls, with indicator lamps, provides simple, 
positive control of recording. The 1012 records with or without longitudinal grid lines, as desired. Time lines 
may be varied through a choice of five ranges or not used at all; provisions for external timing are included. 
Galvanometer traces may overlap, with deflections as great as 8 inches peak-to-peak, and trace identification 
occurs on a 45° slope, interrupting galvanometer traces one at a time so that records are easy to read and analyze. 


GENERAL FEATURES 


FREQUENCIES & SENSITIVITIES TIME LINES 
From DC to 5000 cycles per second without peaked amplifiers }| Flash tube system. Choice of 5 intervals (.001, 0.01, 0.10, 1.00, 
of any kind. Identical to photographic-type oscillographs. 10.0 second) with each 10th line heavier. May be turned 
“off” or synchronized with external signals. With optical 
RECORDING METHODS parallax being held to a minimum and negligible delay in 


initiating flash tube, timing lines and other data are recorded 


Makes full use of the new Visicorder Principle. Records Ss ecnauh Ghani relationship. 


ag on paper — requires no quo ye 
iquids, vapors, or other processing. Daylight loading. . : . 
Recording is accomplished in full view of the operator. RECORDING INTENSITY CONTROI 
Records are immediately visible and usable. | Proper aperture automatically established with record speed 
‘ selection, or manually controlled as desir 
NUMBER OF CHANNELS 


12, 24, or 36 active channels, as desired. “NO RECORD” INDICATOR 
Three magnet assemblies, each of which holds Red indicator lamp and automatic shut-down of drive system 
up to twelve 44" Series M Honeywell indicates “No Record” if operator fails to turn on all necessary 
al galvanometers, plus two reference traces. switches, if lamp fails, or if recording paper supply is exhausted. 
—_a a i = a F A separate lamp indicates when less than 25 feet of paper 
. : — RECORDING WIDTH remains in supply. 
S86 12” Visicorder paper (11%4" for active 
recording; %" margin for record PAPER LOADING 
numbering and event marking). Simply done ina manne of seconds even by untrained peroonnel. 
= 3 = is aad All paper transport and take-up functions are integra 
I = TRACE IDENTIFICATION No separate magazines or other units required. 
o42) ae» c ve 45° slope, interrupting galvanometer 
i “Sea, = ~ traces in sequence. OTHER FEATURES 
ny : a . . Automatic record length, adjustable 0-25’ (forward or reverse). 
: RECORDING SPEEDS Unused paper indicator. Paper knife. Push-button jump speed 


0.1 to 160 in./sec. Five speeds in control. Record numbering system with provision for 
& each of 3 ranges (15 steps) via external actuation. Integral fluorescent light latensifier. Rack, 
i¢ push-button control. No manual table, or shock mounting. Provision for remote and/or 
{ e change of gears is required. multiplexed operation. 
i* 
s 
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NEW 
MODELS OF THE 
906 
VISICORDER 


The original 8-channel Model 906 
Visicorder was the first successful 
oscillograph to break the barriers of 
frequency response and writing speed, 
and produce immediately readable 
records out to 2000 cps without the 
intervening steps of chemical processing. 


Now the new Model 906A provides higher 
recording frequencies (DC to 3000 cps) 
and up to 14 channels of data. Factory- 
installed optional features and a wide 
variety of accessories are available as 
described at right. This means that you 
can select an instrument suited precisely 
to your requirements without price 
penalty for built-in or “special” features 
that may not be required. 


The 906A Visicorder is provided in 
two models: 


Model 906A-1 The basic instrument 
with high-sensitivity miniature plug-in 
galvanometers and magnet assembly. The 
use of subminiature galvanometers permits 
14 simultaneous channels of data to 

be directly recorded at frequencies from 
DC to 3000 cps. These galvanometers 

are interchangeable in Honeywell- 
Heiland Model 906A-1, 708C, 712C, 

and 1012 oscillographs. 


Model 906A-2 The basic instrument with 
“solid-frame” galvanometers and 

magnet bank from the original Model 

906 Visicorder, providing for 8 channels 
of data to be directly recorded at 
frequencies from DC to 2000 cps. 
Galvanometers interchangeable in Model 
906 Visicorder. 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 


Honeywell 
Heilaud Diwision, 


Factory-installed optional equipment for 
both models includes: 


Reducing collector lens to reduce static trace width to a mini- 
mum and concentrate maximum light source energy on gal- 
vanometers for normal writing speeds. 


Standard collector lens to concentrate maximum light source 
energy on galvanometers for high writing speeds. 

Recording intensity control to reduce spot intensity and re- 
cord-trace breadth at low record travel and writing speeds. 
Trace identification of the light-beam interruptor type for 
positive trace identification. 

Grid line system—this exclusive feature provides longitudinal 
reference lines recorded simultaneously with data traces. 


Timing unit provides timing pulses on .01, 0.1, or 1.0 second 
intervals. 


Additional accessories for both models include 


Timing galvanometer provides maximum-density time lines 
(906A-1 only). 

Record drive systems—your choice of 5 interchangeable sys- 
tems, each covering 4 speeds. 

Collector lenses (standard or reducing), recording intensity 
control, trace identifier, grid-line system (see above). 


Relay rack adapters, bracket or gusset type. 


Record takeup and latensifier to respool record paper after 
latensifying. 


Record takeup unit to respool record paper. 


USES OF THE VISICORDER 


© In control for continually monitoring and recording reference and 
error signals. 

© In nuclear applications to monitor and record temperatures, pres- 
sures, and other phenomena. 


° In production test to provide a final dynamic inspection of elec- 
trical and mechanical devices. 


e In computing to provide immediately-readable analog recordings. 
© In pilot and component testing to accomplish more rapid evalu- 
ation of design and prototypes. 

© In medical applications for dynamic blood pressures, electrocar- 
diograms, and other physiological measurements. 

© In all test applications which involve the assembly of considerable 
equipment and the gathering of personnel, the immediate Visicorder 


record will prove the success of the test at once before the test equipment 
is dispersed. 





Russian process instrumen 
tation, primarily pneuma- 
tic, resembles U. S. prod 
uct lines 
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Punched - card - controlled 
horizontal boring mill with 


control cabinet at right 


Previewing the Russians 


Sales Pitch 


Throughout Europe you hear ru 
mors that the Russians are set for a 
big drive in world markets, particu 
larly in the capital goods markets. 
European control makers have been 
keeping a wary eye open for any signs 
that the movement is under way. They 
fear what Soviet offerings at subsi 
dized prices might do to their market 
position. Businessmen attending the 
Belgian World Fair got little comfort 
from what they saw in the Soviet’s 
mammoth, temple-like building. The 
Russians were showing off the best 
they had; and it covered a wide pot 
tion of the control field. 

There was no doubt that the Rus- 
sians were proudest of their sputniks. 
Almost the first things you see when 
you enter are models of all the sput- 
niks and their instrumentation (the 
Russians rushed in a full-sized replica 
of Sputnik III as soon as they were 
sure it was in orbit). But to worried 


businessmen, the display of industrial 
control applications was even more 
impressive. It included: 

Pa magnetic tape system to control 
a vertical milling machine for continu 
ous contouring 

> punched card control for a hori 
zontal boring machine 

P process controllers and recorders 
that closely resembled equipment 
built by U.S. companies 

Ihe magnetic tape system provides 
linear interpolation on a vertical mill 
ing machine. Accuracy claimed: 0.2 
mm in all three directions; longitudi 
nal travel, 1 meter. One of the most 
startling features is complete transis 
torization, which shrinks the reader, 
interpolator and control system so that 
all three fit into a panel unit only 10 
by 19 in. 

The point-to-point system on the 
horizontal boring machine uses an 
unusual cylindrical card reader which 





work in the fields of the future at NAA 


ELECTRO- 
MECHANICAL 
ELECTRONIC 

ENGINEERS 


A BS or advanced degrees in 
EE, ME, or Physics, may 
qualify you for a rewarding 
career at North American Avi- 
ation, in one of these fields: 
Flight Control Analysis, 
Reliability Analysis, Flight 
Simulation, Systems Analysis. 
Electrical Systems Analy- 
sis and Design, Mission and 
Traffic Control, Fire Control, 
Bombing Systems, Elec- 
tronics Systems Integration, 
Flight Controls, Ground Sup- 
port Equipment, Airborne 
and Electronic Test Equip- 
ment. 

Applied Research in Ra- 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 


Please write to: Mr. K. G. 
Stevenson, Engineering Per- 
sonnel, North American 
Aviation, Los Angeles 45. 
California. 


THE LOS ANGELES DIVISION OF 


NORTH 
AMERICAN 
AVIATION, INC. 


A 
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WHAT‘’S NEW 


DATEX® DIGITAL SHAFT 
POSITION ENCODERS” 


for analog-to-digital and 
digital-to-analog conversion 


. . in the Czech building, a 
photoelectric curve follower . 








MODEL C-100 $395 
Inertia — 423 gmcm2 
Torque —0.7 02. in. 
Available in DATEX code, 
Gray!) code, special codes. 














DATEX ENCODERS are characterized by 
their large number of positions per 360° 
rotation. Models having 1,000, 2,000, 2,048 
counts per revolution are illustrated. All 
models are brush type units with the brush 
continually in contact with the disc. Thus 
readout “‘on the fly” is possible and readout 
or sampling of the encoder can be done at 
frequencies from DC to over 100 KC. 
MODEL C-100 Series — 4” x 4°s”x3%%”. Over 
100 different calibrations available to fit 
popular models of Recorders without gear- 
ing. Non-linear calibration for temperature 
and flow. Up to 1400 positions per 360° 
rotation. Low Inertia Models also available. 
Hollow shaft *s” opening facilitates mount- 
ing, and adapter kits are available to fit 
many models of strip chart Recorders. 
MODEL C-900 Series—6%2” Diameter. This 
series features up to 2,048 positions per 
360° rotation. Hollow shaft, *%” opening 
facilitates mounting. Available in other 
configurations to suit application. Inertia 
4200 gmem?, Torque 1.5 oz. in. Available in 
Gray”), DATEX and other special codes. 
MODEL C-700 —3” nominal diameter “O” 
ring seals on shaft and case. Sealed con- 
nector. 256 counts Gray‘! code. 


GEARED ENCODER SYSTEM — Iwo types are 
available. One utilizing standard encoders 
with external gearing, and the other using 
special packaging with internal gearing. 
Models available in up to 106 count or 22° 
count combinations. Other models for read- 
out in inches and feet, seconds and hours, 
degrees, minutes and seconds are available. 
A 10 bit Sine-Cosine Gray" code encoder 
has been produced in the CG 200 series. In 
this unit the Sine-Cosine function of 0-90° 
is produced along with two quadrant sign 
tracks. 

(1.) In order to provide Binary information 
from Gray code, a high speed continuous out- 
put Gray-to-Binary Transistorized Translator 
is available. 

2.) Readout devices to operate from these 
encoders are available from DATEX.® 
Write for Bulletin 312. 
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reads the 44-column card carrving the 
five-digit command signals for each 
of the three axes. The cards are bent 
around a cylinder, then scanned by a 
series of rotating wipers. The sequen 
tial information is stored in relavs: 
positional information is determined 
from photocell pickoffs operating on 
graduated scales which are mounted 
on the bed and column of the ma 
chine. 

Other numerical control on display 
punched tape controls for a lathe and 
a milling machine. Both of these svs 
tems are transistorized. Positioning 
accuracy was claimed to be 0.02 mm 
Russians manning the booths claimed 
that 10 machines with these controls 
are already in use on production lines 
in the U.S.S.R. 

*Process control speculation—The 
display of controllers and recorders 
for process industries started a lot of 
speculation. The gist of it: with Rus 
sian activity already stepped up on a 
world-wide basis in the construction 
of complete plants (typical example 
steel mills in India), the next step 
will be a commercial drive on the in 
struments themselves at subsidized 
prices. 

The process instrumentation dis 
played resembled U.S. lines quite 
closely. They were mainly pneumati 
and solidly constructed. Performanc« 
claimed for them was equivalent to 
their American counterpart 

Down the street from the Russian 
exhibit, Czechoslovakia, a Soviet 
satellite, also showed off some inter 
esting control equipment. One appli 
cation was a photoelectric curve fol 
lower positioning the table of a spark 
erosion machine. Because a drawing 
of the curve is fitted into a slide which 
mounts underneath the worktable, 
the pattern and worktable form an 
integral unit. A simple fixed light 
source and a photocell pickup operate 
a servo positioning system. Position 
ing accuracy is said to be 0.1 mm 

Another example of Czech ingenu 
ity was the use of a radioisotope as a 
random pulse generator for statistical 
machines. The machine on display 
determined the probability distribu 
tion of rejects on large production 
runs from varying small batch inspec 
tion samples. 

Elsewhere at the fair, control ex 
hibits were hard to find. That made 
the Russian emphasis in the field even 
more foreboding. 

—Derek Barlow 





THOMAS A. 


EDISON 


subminiaturized 
servo program 


computer 


Analog computers, advanced chemical and physics test equip 
ment spell out the dimensions of the Edison Research Labora- 


tory 


Edison’s new servo program computer for an 
advanced—and classified—missile system sets 
new standards in lightness and compactness. 
Built entirely with Edison-manufactured 
components, this new unit weighs only 14 
ounces, occupies only 14 cubic inches. 
Within this size and weight Edison has 
created a complete servo computer package 
—containing transistorized and magnetic am- 
plifier circuitry, servo-motor, precision gear 
train, two resolvers in a complete servo loop. 
The whole unit is hermetically sealed and 
highly resistant to corrosion and vibration. 
Offering an optimum in response and sen- 
sitivity, this system shows the way to a wide 
variety of applications in missile control du- 


one of the finest facilities of its type anywhere. 


ties. It exemplifies the Edison capability in 
missile system design and manufacturing 

Because the Edison organization includes 
development and production facilities for 
servos, servO systems, magnetic amplifiers, 
computers, transducers, precision gear trains 
and miniature relays, Edison can become the 
single source for major electronic system as- 
signments . . . can speed up prototype devel- 
opment faster than any other company. The 
Edison team concept in engineering, and un- 
excelled research laboratories for its scientists 
—are the other basic ingredients for success 
in advanced electronics projects. 

For complete information on Edison cap- 
abilities, write to: 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON FACTORY OFFICES ARE LOCATED IN EVANSTON 


ILL.; DALLAS, TEX.; DAYTON, OHIO; SHERMAN OAKS. CALIF.: AND TAMPA. FLA 
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Computer— Contro/s — Components 
Design—Development—Manufacturing 


You can be assured of ideal working conditions at well located Librascope. Why? 
Because of the physical plant: air-conditioned, ultra-modern; the location: at the 


Sion ef 
PORATION 


fisrascore | 


z 


z 
LIBRASCOPE, INCORPORATED 
808 Western Ave. « Glendale, Calif. 
Librascope. 


Write today for this 
interesting booklet about 


; near Los Angeles, Hollywood and the pleasant residential family 


areas of Burbank, Glendale, Pasadena. 
¢ Transistor Applications * Controls for commercial and Military Equipment, you're 


invited to investigate the opportunities at Librascope which has just held its 20th 
Anniversary—a sound, stable organization growing with automation. Write Glen 


E.E., mathematician or physicist, interested in Analog or Digital Computers ¢ Logical 
Design * instrumentation * Servo Mechanisms ¢ Electro-mechanical * Systems 
Seltzer, Employment Manager. 


A company with highest professional and technical standards. If you are an M.E. or 


edge of the foothills 
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WHAT‘’S NEW 


AROUND THE BUSINESS LOOP 


Foxboro Opens Its Books 


Lofty New England company 
shows its financial strength as 
its stock goes on the open 
market for the first time. 


The Foxboro Co. is a_ prim- 
mouthed, family-type corporation of 
the old school that owes its phenom- 
enal success to a policy of always keep- 
ing ahead of the other fellow in 
research and development. Last year, 
for example, it grossed more than $4 
million in sales and netted more than 
$1 million in profits, bringing the first 
up to $16,218,865 and the second to 
$3,947,209. 

But success, Foxboro has found, 
cannot be kept in the family, for it 
demands that working capital be in- 
creased, and that can best be done by 
going to the public. 

For this reason the company re- 
cently wrote “finis’” to a 44-year-old 
reign by the members of its founding 
family, and announced plans to put 
120,000 shares of common stock on 
the open market. 

‘Elbow room—The $1 par value 
stock will be offered at $25 per share, 
according to a Foxboro prospectus 
dated April 7, 1958. This will gross 
$3 million, of which $168,000 will 
be paid to underwriters in discounts 
and commissions. Foxboro thus will 
realize $2,832,000, which will go 
toward the “full utilization” of an 
additional 165,000 sq ft of working 
space, now under construction. 

Paving the way for the offer was a 
stock split March 8, which produced 
16 shares for every one outstanding. 
Nine underwriters, five in New York 
City, three in Boston, and one in 
Providence, R. I., will float the offer 
for which, says the Foxboro prospec- 
tus, there is no quoted market. 

An important result of the offer is 
to open the company’s books to the 
public for the first time since Fox- 
boro was incorporated in 1914 by 
Edgar H. and Bennet B. Bristol. ‘To- 
day other Bristols, Benjamin H. and 
Rexford A., are the principal stock- 
holders. They and their fellow officers 
and directors owned, as of March 11, 
605,568 shares of Foxboro common 
stock, or 60.5 percent of the shares 
outstanding. This stock has paid divi- 
dends every year for the past 42 years. 


Social Calendar Sags 


Control companies continue 
to marry and break engage- 
ments at a feverish pace, 
despite a general slowdown 
of business. 


One activity on which the business 
recession seems to be having little effect 
is company expansion, either actual or 
contemplated. That is not to say that 
more companies have branched out 
or consolidated than ever before; for 
the fact of the matter is that several 
talked-up mergers have been called off 
in this period. But there is an un- 
usual amount of planning and discuss 
ing going on these days, and for every 
company that has called off a merger 
or a purchase, another 
through with one. 


has gone 
l'ake, for example, the hopeful story 
in the December (page 50), 
which made a bare fact out of Litton 
Industries’ intended purchase of Ait- 
craft Radio of Boonton, N.J. A strong 
group of Aircraft Radio stockholders 
who saw Litton getting a much bet 
ter break in the negotiations than theit 
own company quickly threw in a 
wrench, and there was no more talk 
at Aircraft Radio of going over to 
Litton. There was, in the 
one Aircraft Radio man, a great deal 
of mutual admiration, but no deal 


issue 


words of 


went after 


afterward was 


Litton promptly 
game, and very 
able to announce the purchase of 
Roger White Electron Devices, Inc 
of. Haskell, N. J., manufacturer of 
backward wave oscillators, 
wave tubes, and gas discharge 
for microwave applications 
e Another in the dust—At 
mately the same time, Consolidated 
Electrodynamics Corp. and Cenco In 
struments Co. called off their wedding, 
too. Main reason for terminating the 
talks was said to be an incompatibility 
in personnel policy; i.e., Cenco felt a 
loyalty to certain workers who would 
have had to go, under the terms of 
the merger. 


new 


soon 


traveling 
tubes 


Ipproxl 


But a few big positives have ap 
peared, to balance all these negatives 
For, one Cutler-Hammer, Inc., has 
acquired Airborne Instruments Lab 
oratories, Inc., of Long Island, N. Y. 





TIME BASE 


+» Only the DUAL Jecti /nitent gives you 


two-channel rectilinear recording with direct time correlation! 


Why synchronize two drive systems, handle two chart rolls recti/ Tri od calvanometer 
or for that matter, maintain two separate jnstruments? ill routine operations 


The DUAL “recti/ riter” gives you two independent gal 
linkages pring external 


vanometers, inking systems, and “recti/ rite’ 


with a single chart drive—enables you to record two reco! 


variables simultaneously and \ lally correl 
an accurate common time base. Record such varial 


voltage and current, wind direction and velocity, tempera 


torque and speed, input and output, : 
: 10 millivolts to 1000 volt: 
nd many ers 
500 microamperes to 1000 amperes 
Monitor standard frequencies — 40, 60, 400 cps 


ture and pressure 


And, have the easiest of all recordings to read—true recti- 
linear side-by-side traces that you read at a glance with a When you write for specific informatio 
- yO WI specie inio alle 
simple ruler no difficult interpretations so highly ary eee Bulletin R-502 k Tht 
> s . —s as U 
subject to reading errors as with old-fashioned curvi- the SINGLE “recti/riter”. Line Voltage 
c i i ; 1 Vila 
we -COrding > , 
enn A Model 301 All-Transistor DC Amplifier. Y 


Add these to the other outstanding features of the interested in the complete versatile line. 


°e TEXAS INSTRUMENTS 


'INCORPORATEO 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEOWAY * HOUSTON, TEXAS * CABLE. HOULAB 


JULY 1958 





WHAT’S NEW 


(see page 44); for another, Bausch 
& Lomb Optical Co. has definitely 
consolidated with Applied Research 
Laboratories; for still another, Sund 
strand Machine Tool Co. has acquired 
all the product lines of Arter Grinding 
Machine Co. (CtE, Jan., p. 80); for 
still one more, Midwestern Instru 
ments, Inc., has wrapped chubby, 
voung fingers around Modern Art 
Finishing Co. of Chicago; and finally, 
Norden-Ketav has gone over to Solat 
\ircraft (CtE, March, p. 48 


Fluid Controls Institute Acts 
on Members, Dues, Standards 


At a lively three-day annual meeting 
at Lake Placid, N. Y., in May, the 
Fluid Controls Institute made im 


THE | portant changes in its membership 
and cted 


dues structures, el new 
NEW POTTER "SOS" ofhcers, and heard a control valve 
subcommittee on a_ long-awaited 
recommendation for standard test pro 
cedures and standard rating 

The new membership | structure, 
formalized by a change in 


tute’s bylaws, establish 


OW a device that READS Tats! memberships in plac Pt ndiy 


memberships. Since there con 
EE @) ao faster, lel-siiile panies in the group and 155. indi 
viduals, the result is reamlines 
roster. Not evervone, it se d, like 

the idea, and it remains to be seen 
what the dissatisfied companies and 
individuals plan to do about it. Th 


Ihe compact ‘909’ Perforated Tape Strip Reader now makes it possible 
to process information from perforated tape into digital data computer 
systems at high speed and low cost. Simple to operate by clerical personnel, 
the ‘909’ is completely transistorized, and will give maximum performance 
with complete reliability. number of employees in the member 

The ‘909’ is a compact unit, suitable for console or rack mounting. Here companies whose work is within the 
are some of the performance features, available for the first time in equipment . scope of the institute 
of this type: The new officers are 


* Character reading speeds up to 1000 Madden, \. W. Cash Valve fg 
char/sec. Chocifications Corp., president; J. R. Lawle 
Simple In-Line threading Lawler Automatic Controls, Inc., first 
3 Millisec starting time , — vice-president; Fred Weldon, General 
Stops on STOP Character, (0.2 millisec) ; an 3 Controls Cx second vice-president 
and will read next character after start 10 to 100 ips ee ee ope aya 

. : ae rs : R. F. McCormick, Automatic Switch 

100 x 10° operation pinch roll Tape Width : : | Paul K. Ros 
Photo Diode Head reads any tape (in- Any Standard Width Co., secretary; and iu Xogers Jr., 
cluding oiled yellow teletype tape) Power Requirements: Skinner Electric Valve Div. of Skinner 

Reads 5, 6, 7 or 8 level tape with 1 tik a Chuck Co., treasurer. John S. Leslie, 

? 15V, 60 Cycle, 1 : : “9 

sprocket channel ‘ : — Phase Leslie Co., retiring president, b 

Ambient temperature up to 125° F. with | Control comes chaiemen of the board 

10,000 hour life Remote/Level Inputs Seventy percent of all control 


i MIL-E- 
oy meet requirements of MIL valves vield to a standard test. That 


is why the work of the institute’s sub 
committee on standard test procedures 
and ratings for control valves is so 
important. The report by this sub 
POTTER INSTRUMENT COMPANY, INC. | committee, dealing with such specifics 

Sunnyside Boulevard, Plainview, N. Y. as location of pressure taps, choice of 

The mark of OVerbrook 1-3200 | pressure levels, testing fluid, and tvpc 
Engineering Quality of meter run before and after the valve, 


Potter has career opportunities for qualified engineers who | and the determination of accuracies 
like a challenge, and the freedom to meet it, | to be expected from valve tests, was 
approved in full by the parent com- 


new dues structure is ba on. th 








Contact your Potter representative or call 
or write direct for further information. 


CONTROL ENGINEERING 





mm By tow ¥ 


SO ini ggg! 100! OU ) © 


Here is an all purpose null- 
balance-vector controller for use 
with any pneumatic transmitter. 
Its proportional band ranges from 
2° to 500°, without changing 
parts, for quick adaptation to 
changes in process requirements. 
Especially important in high- 
precision control, Republic’s Type 
VC has exceptional sensitivity 
and a narrow dead band (less 
than 0.05%). Its high capacity 
non-bleed pneumatic amplifier 
consumes little air, keeps output 
ample. A selector block permits 
reverse or direct action; local or 


Base Any Of These 





ON THIS 


For accurate, efficient, 
dependable contro/ systems — 
REPUBLIC’S NEW TYPE “V 
PNEUMATIC CONTROLLER 


remote pneumatic set point op- 
tional. 

Companion instruments—us- 
ing an identical null-balance-vec- 
tor “heart’’—include differential 
pressure, temperature and pres- 
sure transmitters .. . ratio, total- 
izing, multiplying, squaring and 
square - root - extracting relays. 
Many parts are interchangeable 
among the instruments in this 
““family’’. Besides reducing spare 
parts inventory, the similarity of 
components simplifies the task 
of training personnel. 

Let a Republic engineer show 


you how these instruments can 
help to achieve accurate, effi- 
cient, dependable control systems. 
Republic Sales Offices are located 
in principal cities throughout the 
U.S.A. and Canada. 


Repvustic 
FLOW METERS CO. 
ot ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 


in Canada: Republic Flow Meters Canada, Ltd.—Toronto 


1958 43 


Manvfacturers of electronic and pneumatic 
instrument and control systems for utility, 
process and industrial opplications 


JULY 





EVERY THING 
UNDER CONTROL 


GUARDIAN 
kadershiye 


in electromagnetic control began more than 
twenty-six years ago when Guardian be- 
came dedicated to the control of maximum 
power in minimum space. Here you see pre- 
ferred standards of micro-miniature, sub- 
miniature and miniature control of today’s 
aircraft, missiles and electrical industries. 








Series 1005 Relay 


Micro-Miniature Control 
L. 2%2” W. 25" D. 1% 


(maximum) 


3 Amp Double Pole, Double Throw. Meets or surpasses 
requirements for all specifications of MIL-R-25018 and 
MIL-R-5757C. No exceptions. Contact Rating: 3 Amps 
at 125° C. per MIL-R-25018; 2 Amps at 125° C. per 
MIL-R-25018 and MIL-R-5757C Hermetically sealed. 
Specify plug-in or solder hooks. 





$5.90 each 
in lots of 
Series 2005 Relay — 
Sub-Miniature Control Chicago, Ill 
L. 2%” W. 1%” D. 1%” 
(maximum) 
5 Amp 6 Pole, Double Throw. 
Meets or exceeds MIL-R-6106B 
and MIL-R-5757C. Built to withstand 100 G shock. 
Vibration resistance is 10 G minimum from 75 to 2000 
c.p.s. in all mounting planes. All contacts rated at 5 
Amps 24 to 30 v. D.C., resistive load. Operates with 
voltage variations as low as 16 v. at 25° C., ambient. 


t 











Series 3205 Relay 


Miniature Control 


L. 2%” W. 17%” D. 1%" 
(maximum) 


10 Amp 4 Pole, Double Throw 

i aircraft and missile relay uses 

same size envelope as AN 3304 

(4 P.D.T. 3 Amp relay) and is approximately the same 

weight. Designed to meet and exceed test require- 

ments of MIL-R-6106B, Class B. Meets minimum current 
requirements of military specifications. 





Write for circulars giving complete specifications 


GUARDIAN W ELECTRIC 


MANUFACTURING COMPANY 
1623-H W. WALNUT STREET, “Everything Under Control’® CHICAGO I2, ILLINOIS 
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WHAT’S NEW 


mittee. Approval by all members of 
the Control Valves Section, viewed as 
simply a formality, is next. Ratification 
will probably take place at the insti 
tute’s September meeting 


Cutler-Hammer Acquires 
Airborne Instruments Lab 


“We came to the realization several 
vears ago that if we were to maintain 
our market position and to expand 
in the electrical control field, we had 
to branch out strongly into elec 
tronics,’ said President Philip Rvan 
recently, in announcing that his com 
pany, Cutler-Hammer, Inc., had 
acquired Airborne Instruments Labor 
atorv, Inc. Terms include a share-for 
share stock exchange, additions to the 
Cutler-Hammer board of AIL’s Presi 
dent Hector R. Skifter and director 
Randolph B. Marston, and a C-H vic« 
presidency for Skiftet 

Che 1,500 emplovees of AIL, which 
started in a Columbia Universit 
Laboratory during World War II, 
make up Cutler-Hammer’s new Ele« 
tronics Div. A new plant ' 
built at Melville, N 
ment facilities at Garden 
West Hempstead. Said Skifter 


to « 


will be in a position 

technical areas which pri 

pooling of efforts and interests « 

not be made because of All 

manpower and facilities.” 
CutlerHammer’s 6,000 

produce electrical control 

systems for continuous pt 

craft and missile power! | 

low-voltage distribution d s. The 

AIL addition gives it not onl n 

electronics division, but an R&D 

irm as well. 


EIA Team to Develop 
Panel, Enclosure Standards 


Electronic Industries A 
putting a 30-man team t 
standards for racks, panel 
closures. Objectives are a clearer pi 
ture of existing standards and possibl 
development of some new ones. Un 
der Herbert C. Golz, general manager 
of Elgin Metalformers Corp., which 
created the modular enclosure system, 
the team will look into 

«the feasibility of departing from 
the present 19-in. standard panel 
width 

«the advisability of setting stand 
ards for screws, fasteners, weiglt-to- 





MIDWESTERN’S specialization is the 
design and manufacture of instruments with 
unexcelled operational characteristics. MI 
instruments are engineered to deliver un- 
interrupted accurate results under the stresses 
of multiple “G's” produced by vibration, 
shock, and extremes in adverse environ- 
mental conditions. 


Shahar ‘i 


miowesTeERN 
iwstee 


SALES REPRESENTATIVES AND OFFICES 


MIDWESTERN 
INSTRUMENTS 


41ST AND SHERIDAN / TULSA, OKLAHOMA 





Rive 





UP TO 2000 CPS 


HERMETICALLY 
SEALED 


CONTACTS 
BILLIONS OF CYCLES 


NEW...SPST Glaswitch" Relay 


No possibility of contact contamination and shortened 
life in the Revere SPST GLASWITCH Relay. Reliability How would you 
is built-in, with rhodium plated contacts hermetically apply it? 


sealed in a glass envelope containing dry nitrogen. High Speed 


Lightning response, 1 to 4 milliseconds... Modular Switching 


design for e tacking, with steel housi ivi Long Life 
sig fe es sta ” “ stee — _— biecnenete 
ee ee ife, sate — 
magnetic shielding ong life, over 2 billion cycles Sencmitiion 
This small, sensitive relay is used in many high speed Low Capacitance 
taeht enti it Sachi Requirements 
tchin cations. ———— 
switching applicati is the switching component Dry Circuit 
in the prototype models of a new, highly classified Switching 
military computer, where relay reliability and long Explosive 
; , Atmospheres 
life are vital. a 
Rapid Cycling 
Requirements 


The SPST GLASWITCH Relay is offered in four stand- te 

ard coil voltages: 6, 12, 24 and 48 V.D.C. Other Circuits 

coil voltages can be provided. Dual coils for locking 

and permanent magnet biasing for NC operation ee See 
can be furnished. 2PST and 4PST also available. sein 
Special designs to order. |= 


*Trademark 


REVERE CORPORATION OF AMERICA. 


Wallingford, Connecticut 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
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WHAT‘’S NEW 


strength ratio of fasteners, and toler 
ances 

* the possibility of clarifying nomen 
clature for racks and enclosures 

*standards for enclosure heights, 
widths, depths, shapes, and required 
load factors 

¢ standards of materials and finishes, 
classification of finish 

Golz is chairman of EIA's engineer 
ing committee G-9 Ihe standard 
team will divide into four subcom 
mittees under this g 


Civil Service Holding Tests 
for Electronic Technicians 


As of last Mav, and until further 
tice, savs the U. S. Civil Servi 
mission, it will be holding 
tions for electronic techniciat 
jobs in Federal agenci 
pay between $3,175 and 
plicants must demonstrat 
tence in R&D and an ability 
ind maintain computer 
testing and communi 
ment, and other electronic equipment 
Your local post on ill the in 
formation; so does th S. Civil 
Service Commission, \ ington 25 
i. <. 


Schlumberger NMR Analyzer 
Available on a Rental Basis 


Schlumberger Well Surveying 


has put a “for rent” sign on its NMR 


nuclear magnetic resonance) high 


Corp 


speed moisture analyzer, the plus 
$13,000 instrument that makes quan 
titative measurements of moistut 
content in from 30 to min 
“Under the terms of this plan,”’ said 
Sales Manage \. Russell Aikman 
“many companies doing moisture 
analysis in volume can rent the Model 
104 at $495 per month for a trial 
period of three month ind thi 
rental will all be credited against a 
purchase price of $13,400.” Schlum 
berger will provid ill maintenance 
and service during the period of the 
le is¢ 


First Prospectus Reveals 
Structure of a Control Fund 


Today Theodore von Karman 1 
chairman of the Advisory Group fot 
Acronautical Research & Develop 
ment for NATO, and Andrew G 
Haley is a partner in the Washington 
D. C. law firm of Haley, Woolenberg 





ALL-ELECTRONIC DIGITAL VOLTMETER...ONLY $960 


MEASURE 
MILLIVOLT TO 
KILOVOLT WITH 
0.1% ACCURACY 


Here at last is a portable all-electronic digital voltmeter 
that measures DC voltages from .001 to 1000 volts with 
0.1% accuracy. In less than 1/10 of a second the meas- 
ured voltage is presented in clear numerical form on a 
digital in-line readout that even unskilled personnel can 
read quickly and accurately, with little possibility of error. 
Direct voltage measurement by successive approximation 
provides accuracy and sensitivity previously obtainable 
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only in the delicate, complex and expensive instruments. 
Extremely stable operation — continuous calibration 
against an internal reference. 
The low price of the Model 801 allows you to put one on 
every bench. Its accuracy and reliability are assured by 
KIN TEL’s years of design and manufacturing experience 
.. experience gained in the manufacture of more than 
10,000 precision electronic instruments. 


} 


Representatives in all major cities. Write today for demonstration or literature. 


A Division of Cohu Electronics inc 
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A New Coneept of TIME... 


REVERSIBLE MOTOR 
INDUCTQR MOTOR 


” 


400 CPS MOTOR 


... this Complete 


{NEW Line of 


HAYDON* 


TIMING MOTORS 


Here is a complete line of timing motors that includes the right 
choice for every APPLICATION ... entirely re-designed for finer 
performance. Features include: slower basic rotor speed (450 rpm), 
controlled lubrication, total enclosure, smaller size, superior ac« 

curacy, quieter operation and longer life. 


HYSTERESIS . . . the ideal general-purpose motor. 


INDUCTOR... extra torque (30 ounce inches) for display and other 
heavy-duty jobs. 


CLUTCH ... allows automatic re-setting without external clutches. 


REVERSIBLE ...a hysteresis type with 2 coils, each producing 
opposite rotation. 


DIRECT CURRENT ...a permanent magnet type for 6 to 32 volts. 


400 CPS ... miniature and heavy-duty models for airborne instru- 
mentation. 


FOR COMPLETE INFORMATION, write today for new catalog .. . or 
contact the HAY DON Field Engineer nearest you. 


*Trademark Reg. U.S. Patent Office 
pn ELAYDON 
AT TORRINGTON 
HEADQUARTERS FOR 


TIMING 





Division of General Time Corporation 


2331 East Elm St., Torrington, Conn. 
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WHAT’S NEW 


& Kenehan Though separated by 
more than half a continent (von Kat 
man is in Pasadena), their interests 
dovetail much as they did when the 
two men founded Aerojet Engineer 
ing Corp. and von Karman becamc 
chairman and Haley president. Evi 
dence is the fact that just lately they 
joined hands again, as chairman and 
president of a new mutual fund known 
as Missiles-Jets & Automation Fund, 
Inc 

In a preliminary prospectus, von 
Karman, Haley, and other officers, 
through underwriter Ira Haupt & Co., 
New York City, declare that the fund 
will offer 500,000 shares of securities 
of companies “which have growth po 
tential in the fields of missiles-jets and 
automation”. Common stock will 
make up the bulk of the portfolio 

The fund was to have purchased its 
first securities 30 days after the date of 
the prospectus (May 8, 1958). As of 
June 1, then, its portfolio still empty, 
its biggest claim to interest was that it 
could provide a glimpse into the 
newlv-minted structure of a mutual 
fund dedicated expressly t rol 
engineering. 

* Nucleus—Besides von Karman and 
Haley, there are eight other directors 
of the fund, plus a vice-president and 

secretary-treasure! In ad 
the supervision it will 
these men will be that 
technical advisory board ma 
eight college educators from 
the U. S. Business affairs 
handled by Missiles-Jets & 
tion Management Co., Was! 
D. C., of which Haley is presid 

Shares will be offered thr 
Haupt company on a continu 
at a date to be determined 


New Divisions and Groups 


\ Digital Devices Dept.., 
parent, Gulton Industries, Inc., 
mapped out three stages of srowth 
designing and manufacturing trans 
istorized instrumentation; building 
digital systems for special applications; 
and developing computer instrumen 
tation. Harry B. Barling, formerly of 
Sandia Corp. and Bell Telephone 
Laboratories, hires on as manager of 
the new department, which has been 
assigned to Gulton’s CC Electronics 
Corp. at Albuquerque, N. M 

A New Product Development Div 
to concentrate on industrial elec 
tronics, for General Instrument Corp. 
Manager is Lawrence R. Hill, most 
recently chief of Westinghouse’s Ma 





For digital-computer input/output 


Ampex offers 45,000 to 90,000- character transfer rates 


For high-speed computer input and output, mag- 
netic tape is the answer—and Ampex offers the fastest 
equipment of all. Just for sport, this Ampex FR-300 
could “read” or “write” the digitized equivalent of an 
average 500-page book in just 13 seconds. Or it could 
go through the equal of that whole man-sized stack 
in less than five minutes. 

But the real point is that these fast input/output 
rates are needed. They set the pace that determines 
computer productivity. Incorporating Ampex Digital 
Tape Systems for these functions will speed up — 
whole digital- -computer package. Spectacular? Im- 
pressive? Yes, but speed is also a tangible and con- 
clusive advantage in the sale of your equipment. 


TO GIVE YOU THIS GREATER SPEED 
The Ampex FR-300 Tape Handler operates at 150 


inches per second, a two-to-one advantage over pre- 
vious standards. It packs 300 bits per inch onto the 
tape. And FR-300 handlers are available for one-inch 
tape affording the very practical possibility of put- 
ting two 6-bit alpha-numeric characters side by side 
across the greater width. To get high pe formance, 
Ampex has taken a systems approach, designing the 
tape handler, magnetic heads, amplifiers and the 
magnetic tape as an integrated whole. 


Ampex transfer rates in characters per second 


150 in/sec. tape speed; 300 bits/inch; two 
90,000 6-bit characters side by side on1-inch tape 


60,000 | Same as above except 200 bits/inch 


150 in/sec. tape speed; 300 bits/inch; one 
45,000 6-bit character across half-inch tape 


Lower transfer rates are available from a wide range of 
siower tape speeds availabie on Ampex tape handiers 


30,000 Same as above except 200 bits, inch 
| 


DEPENDABILITY, TOO, PROVED 

IN 50-MILLION STARTS AND STOPS 
Though the transfer rates accomplished by the 

Ampex Digital System a 

before, our engineers hay ve evolved mechanical and 


» faster than any available 


electrical design details that make this an easy pace. 
During development, the most critical of these parts 
were subjected to as many as 50-million start-stop 
cycles. This would be a normal year of he avy-duty 
operation. By drastically re ducing downtime expec- 
tancy from tape-hi indler problems, Ampe x has con- 
tributed still another factor toward increased com- 
puter work per day. 


A TECHNICAL HEADSTART 
YOU CAN PUT ON YOUR SIDE 


This is magnetic-tape e quipment — our specialty. 
In buying from Ampex, you are “hiring” the very 
best e xisting experience and m: anpower in this fie Id. 
Behind the Ampex 90,000-bit transfer rate, there are 
engineering skills and manufacturing techniques ac- 
cumulated in ten years of specialized effort. This 
equipment is in pr \duction—ready today to give you 
a competitive advantage—so why divert your own 
best brains from other critical aspects of computer 
design? 


For full descriptic n ana spect fications, write Dept. HH-14 


AMPEX INSTRUMENTATION DIVISION 


Phone your Ampex data specialist for personal attention to your re 


«860 CHARTER STREET: 


ording needs 


Offices 


serve U 


S.A 


a 


nd 


Canada 
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CORPORATION 
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MORE 
INSTRUMENTS 
by 


VARIABLE 
PULSER 


MODEL 1010 


Pulse repetition rate 

Pulse duration 

Rise time 

Fall time 

Output amplitude 

Output impedance 

Trigger output: 
precedes output pulse by 0.1 , sec from 1000-ohm source, 10 volts, 0.15 p sec 

Rack mounting 5%" high, 19” wide, 10” deep 


10 cps to 5 mc 

0.1 uw sec to 5.0 yu sec; in 0.1 y» sec steps 

at 40 volts out, 0.04 » sec; at 20 volts out, 0.02 » sec 
at 40 volts out, 0.05 » sec; at 20 volts out, 0.04 u sec 
2 to 40 volts across 1000 ohms, continuously variable 
100 ohms in series with 0.5 mfd 


VARIABLE 
FREQUENCY 
OSCILLATOR 


MODEL 1011 


Frequency range: 

100 cps to 5 mc/s in 7 bands, continuously variable tuning across each band 
Waveform: 
Essentially square except above 1 mc. Above 1 mc, it becomes essentially sinusoidal 
Output voltage: 

0 to 10 volts peak-to-peak across 1000 ohms (cathode follower output stage) 
Power requirements 105-125 volts, 60 cycle AC, 25 watts 
Rack mounting 3%2" high, 19” wide, 8%" deep 


DESIGNED AND 
BUILT BY 


ECH 
Y NITROL 


YY ENGINEERING COMPANY 
Lyry/ 1952 E. Allegheny Ave, Phila 34, Pa 


YUU 
Z , 
YY 
MANUFACTURERS OF PULSE TRANSFORMERS, DELAY LINES 
AND ELECTRONIC TEST EQUIPMENT 
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WHAT‘S NEW 


terials & New Products Engineering 
Section. 

\ Military Projects Div. for Cohu 
Electronics, Inc., under Peter H. 
Kafitz, formerly with the Naval 
Ordnance Laboratory and the Uni 
versity of California’s Radiation Labor 
atory. Major contracts with the Naval 
Bureau of Ships and with Convair 
Astronautics are already in the works 
\ sample: development of versatile 
power-supply systems for the Bureau 
of Ships to reduce the high number 
now in shipboard installation 

\ Special Products Div. for 
mechanisms, Inc., the result of a con 
solidation of the company’s Magnet 
and Vacuum Film Products division 
on the West Coast. Marketing and 
administration 
principal items involved in the con 
solidation; manufacturing  arrang 
ments are virtually unaffected. William 
[. Smither, who headed Magneti 
will manage the new division, an 
David W. Moore, who was i 
of Vacuum Tube Products, will direct 
ipplied research at the company’s R 
search Laboratory. 

A Systems Engineering Group in 
the Instrument Div. of Beckman & 
Whitley’s Engineering Dept. Edward 
F. Kingman, with B&W since 1952 
will see that the new group adheres t 
its raison d'etat: integration of sensor 
instruments into large-scale meteore 


Servo- 


procedures IT¢ 


logical systems 

An Electronics Mfg. Dj in 
Mineola, N. Y., for Acoustica Asso- 
ciates, Inc., to build simulators, com 
puters, amplifiers, power supplies, and 
telemetering equipment, as well 
Acoustica’s own ultrasonic equipment 
Director of manufacturing for the 
division is Samuel Markel, former 
president of Advance Electronics, Inc 
Westbury, N. Y., which he helped 
found. 

An Airborne Instrument Mfg. Dept 
to produce flight control components 
and systems for the parent Collins 
Radio Co. The new department is 
iutonomous with respect to all phases 
of production. 

Four new divisions (Electronic 
Counters, Oscilloscope, Microwave & 
Signal Generator, and Audio & Video 
Equipment), two new sections (Ad 
vanced Development and Industrial 
Design), and a new Standards Labora 
tory, all for Hewlett-Packard Co. ‘Th« 
four divisions are a result of a rt 
shaping of the R&D Dept. Managing 
them are Alan S. Bagley, Norman B. 
Schrock, W. Bruce Wholey, and John 
M. Cage. B. P. Hand heads the new 
standards lab. 





TUNG-SOL POWER TRANSISTORS 


THREE WAYS BY: 


IMPROVED 


NEW 


Tung-Sol’s new true cold-weld seal represents a major 


advance in transistor technology. An _ exclusive 
Tung-Sol development, cold-weld sealing increases 
TO-3 outline package efficiency and brings designers a 


threefold bonus in over-all transistor performance. 


Improved thermal qualities. The cold-weld process 
produces a hermetic, copper-to-copper seal and makes 
possible a 100% copper transistor with thermal prop- 


erties superior to previous high power types. 


Improved reliability. Cold-weld encapsulation elimi- 
nates heat damage, “‘splash’’, and heat-caused moisture 


that can impair transistor performance. 


THESE TUNG-SOL HIGH POWER (TO-3 OUTLINE) 
TRANSISTORS FEATURE THE NEW, COLD-WELD SEAL 


BYCES BYCEO hFeE 

(VBE= +1.0Ov) (I8=0) (ic =1.0 A) 
Volts (Min) Volts (Min) 

—40 —20 

—80 —40 

—60 —30 

—105 —60 


Longer efficient life. Even through temperature fluctu- 
ations that cause “‘breathing’’, the cold-weld seal stays 
vacuum-tight, moisture-proof—result of actual integra- 


tion of the copper molecules during sealing 


Tung-Sol powel switches with the new cold-weld seal 
withstand the most rigid combination of tests given any 
transistor—the 100 psi ‘“‘bomb” immersion test and the 
critically sensitive Mass Spectrometer leak test. Fur- 
ther, they meet all military environmental require- 
ments. For full data on the improved Tung-Sol types 

. to fill any transistor need, contact: Semiconductor 
Division, Tung-Sol Electric Inc., Newark 4, New Jersey. 


IMPROVED SPECIFICATIONS OF TUNG-SOL 
COLD-WELDED HIGH POWER TRANSISTORS. 


Collector Dissipation @ 25°C*...50 Watts 
Collector Dissipation @ 55°C*...25 Watts 
Thermal Resistance 2° C/Watt Max. 
IcBO @ Vc8=—25v T= 0.5 Ma Max 
IcBO @ Vc8= —25v T= 7.5 Ma Max 
Storage Temperature 


*Mounting base temperot 
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WHAT’S NEW 


LOOKING 


IMPORTANT MOVES 
BY KEY PEOPLE 


7 pg: ‘as W. L. Maxson Man Gets 
1 a , Coveted Cambridge Degree 


A consulting scientist at The W. I 


FOR THE 


Maxson Corp. has been awarded the 


ar ’ coveted and rarely issued ScD degree 

a | 7 of Cambridge University, Cambridge, 

‘ae f B Se4 England. The consultant, Raymond 

2 Z t ts ome #N M. Wilmotte, was cited for his orig- 


inal contributions to electronic engi 
neering. At present Wilmotte is 
working on guidance, fire-control, 
countermeasures, and radar map 
matching problems. 


Three Key Sales Jobs Filled, 
Two by Top Engineers 


'hree top sales jobs in control have 
been filled by men who have come up 
through the ranks, two by way of the 
engineering route and the other by 
way of the administrative one. 

The men are William H. Doherty, 
formerly assistant to the president of 


— 


ae ae ; —— q Bell Telephone Laboratories, who has 
been named manager of government 


en oo iG he . ™ \ 
TRY —_—— ee as \ sales for the Radio Div. of Western 


—_—_— ———T ~~ @ 


Electric Co., Inc.; Russell Quacken 


THIS ‘ aps bush, who leaves Instrument Develop 


ment & Mfg. Co., where he has been 


NUMBER sean oe chief engineer, for Owen Laboratories, 

(. o ; Inc., where he will be sales manager; 

and William G. Zaenglein, most re 

| cently president of Underwood Corp., 

In addition to PC type relays | | Who has been named executive vice 

(specifications below), Advance | | president and general sales manager of 
can also supply PG (general pur- Clan Corp = 

: pose) and PV (very heavy duty) = : . 

a ome.0 aise selec- , power-type relays, with contact With Bell Labs since his gradua 

tion of compact, positive-act- : s ratings varying from 15 amps to tion in 1929. Doherty bl 

ing, AC or DC relays for 30 amps. . 4747, Voherty iS Tesponsidic 

power control and power | for the invention of a high-efficiency 

transfer. They can be used in ba ar ae 7 a my Fi on : ' then power amplifier for broadcasting and 

: From : ; C 

sauie pebdieneee wenden. ee Ohms, at 110 a “alates for the successful efforts of a wartime 

by heavy spring tension. Coil resistance, AC: From 1.6 Ohms at 6 volts, to 2,500 radar-development team. He _ was 


Rugged components, care- —— Ea ena Sear — en named director of electronic and tele 
ful assembly assure long life. 4PDT. | vision research by Bell Labs in 1949 
Nominal power required, DC: 2 to 3 watts. ; —_— a : r. 

Nominal power required, AC: 10 to 12 volt-amperes. and director of ” search in electrical 
Contact rating: 15 amps resistive, 5 amps inductive at communications in 1951. His more 


115 volts AC or 26.5 DC. recent positions in the organization 
Available From Leading Distributors s | have been administrative. He is a 


fellow of the IRE. 
WRITE FOR COMPLETE DETAILS Before signing on with IDM, 


Data sheets are available on the PC series (power con- EL % . . ; 
tall, the PO sation (ganarel Gulpese power tench), Quackenbush _was with Consolidated 
and the PV series (very heavy duty power transfer). i Electrodynamics Corp. as_ project 


chief for systems, and with the Navy 

| as an electronics engineer in test 

AD VS range instrumentation and missile 
VANCE RELA | guidance radar. His appointment at 


EGIN A PRODUCT OF ELECTRONICS DIVISION Owen coincides with that of Monte 




















ELGIN NATIONAL WATCH COMPANY | L. Marks, the new chief engineer, who 


Dept. F, 2435 N. Naomi St., Burbank, California | was formerly chief development eng)- 
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AS GUARANTEED FOR FIVE YEARS 


New LAMBDA L-T * 
TRANSISTORIZED 
POWER SUPPLIES 


“AME, 


Guarantee 





CONVECTION COOLED 


No internal blowers « No moving parts 


0-32 VDC 0-2 AMP 


® Ambient 50° C at full rating. 
e High efficiency radiator heat sinks. 


eevemmen rr eR > 


Introduced at the 1958 I.R.E. Show 


Model LT 2095 $365 
Model LT 2095M (metered) $395 








e Compact. Only 342” panel height. 
e Short-circuit proof. 


@ All transistor. No tubes. 
e Fast transient response. 
@ Silicon rectifier. 

® 50-400 cycles input. 


® Special, high-purity foil, long-life 
electrolytics. 


@ Protected by magnetic circuit breakers. 


® Hermetically-sealed transformer. De- 
signed to MIL-T27A. 


@Excess ambient thermal protection. 


@ Excellent regulation. Low output impedance. 
Low ripple. 


e Remote sensing and DC vernier. 





CONDENSED DATA* 


Electrical Over- 
load Protection . . 


Voltage Bands . 
Line Regulation 


.0-8, 8-16, 16-24, 24-32 VDC 


.Better than 0.15 per cent or 20 millivolts .Magnetic circuit breaker, front panel 


Load Regulation 


AC Input .. 


(whichever is greater). For input variations 
from 105-125 VAC. 


.. Better than 0.15 per cent or 20 millivolts 


(whichever is greater). For load variations 
from 0 to full load. 


105-125 VAC, 50-400 CPS 


* Preliminary and tentative specifications 


Thermal Over- 


load Protection .. 


mounted. Unit cannot be injured by short cir- 
cuit or overload. 


. Thermostat, manual reset, rear of chassis. 


Thermal overload indicator light, front panel. 
" Hx19”" Wx 143%” D. 





Send for complete LAMBDA L-T data. 


LAMBDA Electronics Corp. 


11-11 131 STREET « 
INDEPENDENCE 1-8500 


COLLEGE POINT 56, NEW YORK 


Cabie Address: Lambdatron, New York 
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P&B MICRO-MINIATURE RELAYS LEAD IN 


performance 


SHOCK: 100g* VIBRATION: 30g to 2000 cps* 


*NO CONTACT OPENING 


| 








New P«B crystal-case size relays, the SC and the SL (magnetic latching), 
show amazing shock and vibration capabilities. They absorb shocks of 100g 
and vibrations 30g to 2000 cps. without contact openings! 

One watt of power for 3 milliseconds operates either relay. Transfer time 
is unusually fast—0.5 milliseconds maximum. 


| 
- nes mar - 
| f 


Sl—dual coil latching relay. Operates on a 1 
watt, 3 ms pulse at nominal voltage. Permanent 
magnet latch locks the armature in either position. 
SC—non-latching relay with series-connected dual 
coils. Operates on approximately 1 watt at nom- 
inal voltage. Coils must remain energized to hold 
the armature in the operate position. 


SC and SL Series Engineering Data 
GENERAL: 

Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g 

Temperature Range:—65° C. to +125° C. 


Vibration: 30g 55 to 2000 cps.; 0.195” max. 
excursions from 10-55 cps. 

Weight: 15 grams without mounting bracket. 

Operate Time: 3 MS max. with 550 ohm coil 
@ 24 V. DC (SL: 630 ohm coil at 24 V. DC). 

Transfer Time: 0.5 MS max. 

Terminals: (1) Plug-in for microminiature recep- 
tacle of printed circuit board. 
(2) Hook end solder for 2 424 AWG wires. 
(3) 3” flexible leads. 

Enclosure: Hermetically sealed. 

CONTACTS: 

Arrangement: 2 Form C. 

Material: Gold flashed palladium. 

Load: 2 amps @ 28 V. DC, resistive; 1 amp @ 
115 V 60 cycles AC, resistive. 

Pressure: SC—16 grams min.; SL—20 grams min. 

COL: 

Power: Approx. 1.0 watt at Nominal Voltage. 

Resistance: SL—40 to 1400 ohms; SC—35 to 
1250 ohms. 

Duty: Continuous. 

MOUNTINGS: 
Bracket, stud and plug-in. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


A> 


54 


Se) 


CONTROL ENGINEERING 


PRINCETON, INDIANA «+ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 





—POTVTER & BRUMFIELD ING. 


WHAT’S NEW 


neer for CH. Marks succeed \\ 
I. Paap, who has also gone into sell 
ing. 

Zaenglein got his professional start 
with Monroe Calculating Machine 
Co., which named him sales manager 
in 1928 and president in 1937. He left 
Monroe for Underwood in 1956, tak 
ing the reins of the latter company in 
1957. 


Wire 


Inventor Henri Busignies 
Heads New IT&T Division 
he president of International ‘Tele 
phone & Telegraph’s IT&T | 
tories, a new 
inventor of the world’s first automatic 
direction finder and holder of 
than 100 patents in aerial navigation, 
radar, and communication. He 
Henri Busignies, who joined IT&l 
in 1928 at its Paris laboratories and 
helped found Federal Telecommunica 
tion Laboratories in 1941. Since 195¢ 
Busignies has been president of FTL. 
His new division will direct all the 
work of IT&T’s seven American labo 
ratories. Explained IT&T President 
Edmond H. Leavey: “More effective 
utilization of and opportunities fot 
the talents of our scientists and engi 
neers, many of whom are wot 
vital communications, 
countermeasure projects in the defense 
program, will be one of mam 
tages of this new structure 
search budget has been 
steadily in step with our growth in the 
electronics and 
dustries, and this change is 
to meet the needs of that 


ibora 
division, is said to be 
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Other Important Moves 


As the new chief engineer in the 
Applied Science Dept., Robert J. 
Bibbero directs Bulova R&D Labora 
tories’ work in weapons and industrial 
systems analysis, systems management, 
and applied science and mathematics 
consulting. Previously, he was acting 
head of the Automation Dept. Among 
his former affiliations are Hillyer In 
strument Co., Republic Aviation, Bell 
Aircraft, and Linde Air Products Co 

Sidney J. Stein, named director of 
engineering and research by Interna 
tional Resistance Co., joined IRC in 
1949 and advanced through the posi 
tions of senior research chemist 
assistant director and director of re- 
search. He is a fellow of the American 
Institute of Chemists. Concurrently, 
George C. Williams becomes chief 
engineer at Philadelphia, George T. 


and 
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Smaller than a dime, but a real buy if you’re looking for top 
performance in airborne applications... that’s the story on the 
Type 4-320 Pressure Pickup. This tiny member of CEC’s reliable 
transducer family is built to operate at line pressures up to 

350 psi... to measure differential pressures in ranges from +7.5 
psid to +50 psid, and gage pressures in ranges from 7.5 to 50 psig 
...and to meet all specifications without external compensation 

of any kind. Check these specs: 


SENSITIVITY. +20 mv nominal 
TEMPERATURE RANGE........««- -—65° to +250°F 
ACCELERATION Withstands 200 g’s 
416 stainless steel 
0.220” x 0.475” diameter 
4 grams 


Call your nearest CEC sales and service office for the details, or 
write for Bulletin CEC 1579-X6 (which is not only free, 
but extremely interesting), 


Transducer Division 


Consolidated Eiectrodynamics 


300 North Sierra Madre Villa, Pasadena, Calif. &) 


RECOGNIZED LEADERS IN GALVANOMETERS — 
TELEMETRY, PRESSURE AND VIBRATION INSTRUMENTATION 


CONTROL ENGINEERING 





WHAT‘S NEW 


Brent chief engineer of IRC’s sub- 
sidiary Circuit Instruments, Inc., of 
St. Petersburg, Fla., and David E., 
McElroy manager of plastics research 
at Philadelphia. Williams joined the 
company in 1952, Brent in 1955, and 
McElroy in 1953. 

While stockholders weighed a pro- 
posal to merge Marchant Calculators, 
Inc., and Smith-Corona—they were to 
have voted June 26 (CtE, June, p. 46) 
—Marchant continued a_business-as- 
usual policy, brought in Alan F. 
Kelsey from Magna Power Tool Corp. 
of Berkeley, Calif., as director of 
manufacturing. Kelsey held the same 
post at Magna. Earlier, he had been 
with Hiller Engineering Corp. and 
Boeing Airplane Co. 

Joseph M. Denney, who has been 
in charge of solid-state physics at 
Aeronutronic Systems, Inc., since 
1956, has joined the Nuclear Elec 
tronics Dept. of Hughes Aircraft Co. 
Before 1956, he was a research asso 
ciate with GE and a research assistant 
at Caltech. The new director of engi 
neering in Hughes’ Ground Systems 
Group is Nicholas A. Begovich, a spe- 
cialist in electronic scanning radar and 
landing and approach systems, who 
joined the company in 1948. 

Other new Hughes appointments: 
William T. Clary Jr. to head of the 
Systems Analysis Dept., John W. 
Bozeman to director of the Data Proc 
essing Laboratory, Robert Polking- 
hom to director of the Radar Labo 
ratory, and Samuel Langberg to head 
of the Engineering Services Dept. 
Clary and Bozeman joined Hughes in 
1955, Polkinghorn in 1948, and Lang 
berg in 1949. 

W. E. Elder goes from Bendix 
Aviation Corp., where he has been 
chief hydraulics engineer, to Dalmo 
Victor Co. as manager of hydraulics 
engineering. 

Irving Glassman and Robert B. 
Dickson, both responsible for out 
standing developments in airborne 
electronic systems, have joined Auer 
bach Electronics Corp., Glassman as 
senior project manager and Dickson as 
senior member of the technical staff. 
Glassman comes from Franklin Insti 
tute’s Research Dept. Dickson was 
formerly chief systems engineer for the 
Atlas missile. 


Obituaries 


Walter Ferris, 90, co-founder (1921) 
of The Oilgear Co.; in Milwaukee. 

Frank Berry Sanborn, 93, founder 
(1917) and chairman of Sanborn Co., 
Waltham, Mass.; in Cambridge. 





Now...major components 
for weapons testing and control systems 
come as 
reusable, universally adaptable modules 








It’s called MATE—Modular Auto- 
matic Testing Equipment—for go no- 
go readout, the first significant step 
in eliminating obsolescence in auto- 
matic testing systems. 

After extensive surveys, AMF has 
found that all automatic systems, re- 
gardless of type or complexity, can 
be reduced to the same, basic, pack- 
ageable components. 


WIDE RANGE AVAILABLE 


AMF has already designed and pro- 
duced 19 of these modules—each one 
a self-sufficient package with a dis- 
tinct responsibility. Available to you 
on an “off-the-shelf” basis now, are 
programming and control modules, 
signal translator modules, compara- 
tor-evaluator modules and display 
devices.* 


UNIVERSALLY ADAPTABLE 


These modules can be put together to 
implement any automatic testing pro- 
gram. Or, any of them can be inte- 
grated with existing equipment of 
other manufacture. 

OBSOLESCENCE ELIMINATED 
After serving their purpose for the 
system under test, MATE modules 
can be reintegrated into other sys- 
tems requiring the same functions. 
The result: complete flexibility in the 
most complex systems; low-cost com- 
ponents available on short delivery, 
pre-designed to accomplish many dif- 





ferent tasks; modules that retain 
their usefulness and validity afte) 
weapons systems modification. The 
resulting economies to prime contrac- 
tors and the military are enormous. 


MAJOR ASPECTS OF MATE 


The response of all types of weapons 
hardware can be evaluated with 
MATE, including electrical, mechani- 
cal, and hydraulic. Signal Simulators 
and Transducers are not part of the 
MATE line, but the system is de- 
signed to match most currently- 
available transducer elements. From 
transducer to display device, MATE 
modules take over. 


Control—the test sequence is 
achieved through sequential pro- 
gramming equipment...punched tape, 
sequential stepping switch or a com- 
bination of both. 

Signal Evaluation—A key feature of 
MATE is the use of either analog 
or digital comparators which evalu- 
ate data without conversion. Analog 
comparators operate from 5 to 20 
vde with a nominal operating level of 
10.000 vde. Analog translators are 
available to convert sinusoidal and 
other complex data for the analog 
comparator. 


Reference—Because the entire sys- 
tem is normalized to operate at 10 
vde, just one reference supply of 
10.000 vde, accurate to + 0.02% is re- 
quired. Methods are provided for re- 


motely establishing pre-set tolerance 
limits. Several different display 
devices are also provided 


Your inquiries invited—W rite to Asso- 
ciated Missiles Products Co. (a divi- 
sion of AMF), 2709 North Garey 
Avenue, Pomona, California...or to 
AMF, Government Products Office, 
Washington, D. C. or Dayton, Ohio; 
or Los Angeles, Cal. 





**MATE MODULES AVAILABLE 


PROGRAMMING & CONTROL 

Program Sequencer Contro 

Channel Selector Data Selector 
Translator Selector 


Panel 


SIGNAL TRANSLATORS 
AC to DC Translator 
Frequency to DC Translator 
IBM Translator 


COMPARATOR-EVALUATORS 
LO-GO-HI Comparator (2 m 
Differential Error-Detector 
Analog Comparator 
Digital Comparator-Evaluator 
(4 modules 
Quasi-Digitizer 


dules) 


DISPLAY DEVICES & POWER SUPPLY 
LO-GO-HI Display Pane 
LO-GO-HI Meter Display 

Quasi-Digital Light Display Panel 
28vdc Power Supply 
Analog Reference Standard 
Analog Reference Supply 
Static Pressure Generator 











It’s called MATE...It’s from AMF 


(Modular Automatic Testing Equipment) 


Government Products Group 


AMERICAN MACHINE & FOUNDRY COMPANY 


1101 North Royal Street, Alexandria, Vo. 


write for this brochure listing 
features, method of operation and 
applications of MATE Modules. 


GOVERNMENT 
PRODUCTS 
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simple 
portable 


inexpensive 


FLIGHT SIMULATION TABLE 


Micro Gee Model 10C 
is a single-degree-of-freedom roll table designed 
for small amplitude perturbation studies about null. 


Used by many leading aircraft and missile 
manufacturers for testing gyros, accelerometers 
and automatic stabilization systems, 


either statically or dynamically. 


ie 
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e ag ve 


This important tool has a threshold of less than 5 microradians — approximately 
one second of arc — and is ideal for frequency response and dynamic threshold 
measurements. It takes loads up to 5 pounds on a 6”x6” base. Extremely 

smooth operation is provided by specially-designed, electro-dynamically driven, 
pendulum mechanism that eliminates the problems created by friction, 

backlash and use of conventional bearings. 


Model 10C is easily used in a closed loop with an analog computer for simulated 
flight testing of automatic flight control equipment on the ground. 


Get complete data on this simple, portable, inexpensive, single-degree-ol- 
freedom roll table that is designed for small perturbation stability studies. 
Write or phone... 


New Model 12A Micro Gee Simulation Table takes loads up to 50 pounds on a 12”x12” base. See it at Wes 


6319 W. Slauson Ave., Culver City, California + EXmont 1-1716 
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. » .» means lightning fast in-flight reprogramming of 
airborne electrical/electronic circuitry . . . obsoletes fixed 
circuit connectors and other systems requiring hours or 
days to rewire . . . and offers these unusual features: 


THE NEW é 
@ removable patchboards to permit complete reprogram- 


LIGHTWEIGHT ming in seconds 


@ 314 pounds to minimize weight . . . miniaturized to 
A-MP *240” sales space ' 
PATCHCORD rugged shock and vibration-resistant construction with 
high strength aluminum alloy 
PROGRAMMING shock-resistant seating of patchcord plugs in removable 
board 
SYSTEM AMP’s patented wiping action that pre-cleans contacts 
for top electrical performance 
240 contacts for greatest versatility in circuit combina- 
tions or program arrangements 


For more information on this new airborne wiring technique, AMP’s Patchcord System Catalog is available on request. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada e England e France e Holland e Japan 
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the ZlectnoniX recorder or indicator 


An ElectroniK instrument adapts easily to your 
changing needs, never becomes obsolete. Its re- 
markable versatility is made possible by the 
many measuring circuits many types of 
records or indications many pen or print 
wheel speeds . . . and the wide variety of functions 
that can be incorporated in the instrument. 


You can convert most ElectroniK instruments to 
practically any scale, simply by soldering appro- 
priate kit-supplied range resistors into the measur- 
ing circuits. And you have a choice of more than 
575 standard charts and scales in strip chart in- 
struments (similar large choice in indicators and 
circular chart models). You can change chart 
speeds from one half to four times the basic speed, 
with a simple gear change. 


CONTROL ENGINEERING 


Use ElectroniK instruments to measure tempera- 
ture, pressure, flow, pH, chemical concentration, 
voltage, speed—any variable that’s translatable 
into a d-c signal. 

Unitized construction lets you transfer complete 
control units from one ElectroniK instrument to 
another. Cases are designed for both surface and 
flush panelboard mounting. With auxiliary 
switches, the instrument works in conjunction 
with audible or visual alarms and safety cutouts. 


Your nearby Honeywell field engineer can help 
you gain the advantages of ElectroniK versatility 
in specific applications. Call him today. He’s as 
near as your phone. 
MINNEAPOLIS-HONEYWELL, Wayne and 
drim Avenues, Philadelphia 44, Pa. 


Win- 


Honeywell 
Hi] Frat uw Coutiols. 








HOW 


The Best Way Yet 


in Process Control 


SPLIT BODY CONSTRUCTION ... 
SINGLE SEAT DESIGN 

No other process control valve offers 
the advantages in economy and 
adaptability as that provided by the 
Annin valve. The split body elimi- 
1ates pockets and shoulders that 
create undesirable turbulence and 
accumulated solids, reduces erosion 
and allows consistent flow behavior 
with a wide range of fluids under all 
conditions. 

Superior body design permits con- 
version in any alloy from the basic 
Globe Body to Corner, Angle or 
3-way construction. 


OPERATORS 

Three basic Annin operators bring 
new and improved performance. The 
DOMOTOR operator is the most respon- 
sive, precise positioning and fastest 
pneumatic operator available... 
Electro-pneumatic or pneumatic 
CYLINDER operators, for remote shut- 
off applications, are designed to 
withstand continuous “on-off” oper- 
ations... MANUAL operators, for 
precise throttling of flow rate and 
tight closure. 


INTERCHANGEABILITY OF 
COMPONENTS 

Applications unlimited are provided 
by interchangeability of Annin com- 
ponent features. Three types of 
operators, and five types of packing 
assemblies (plain extension, bellows 
seal, doolseal, cooling fin and stand- 
ard) are interchangeable on one yoke 
and one body. 


SEND FOR THE ANNIN CATALOG— 
AN ENCYCLOPEDIA OF 
VALVE EXPERIENCE 
AND LEADERSHIP 


NIN voes 17. 
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SIMPLICITY IN DESIGN 

AND MAINTENANCE 

The advantages of Annin single 
seat, split valve bodies, coupled with 
the design characteristics of Annin 
Domotor and other operators, pro- 
vide control engineers with valves 
that can be installed without com- 
promise in materials, response, 
tight closure, piping flexibility and 
dependability ... making possible a 
reduction of parts from 50% to 
75%, lower initial cost, lower spare 
parts inventory, lower maintenance. 


THE ANNIN COMPANY 
Division of The Annin Corporation 
1040 S. Vail Ave., Montebello, California 
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Rocket engine thrust— 
precision measured by B-L-H Load Cells 


It takes rugged, yet highly responsive, instrumentation 
to measure the explosive thrust of a rocket engine on 
test. B-L-H has solved this problem completely and 
accurately with its SR-4® Load Cells, mounted in a 


specially designed test stand of its own. The thrust of 


the anchored engine is exerted against the load cells. 
Instrumentation, which can be located at some point 
remote from the stand, gives moment-by-moment visual 
readings on dial indicators—or makes records of the 
performance on graphic recorders, digital printers, 
computers, etc. 


Electronic transducers offer you the answer to virtually 
any testing or research problems involving tension, 
compression, torque, etc. With appropriate instrumen- 
tation, they can also determine center of gravity, weigh 
loads at rest or in motion, control batch and continuous 
processes, and record all data required. Long-term ac- 
curacy is within + 1 /10%, repeatability within + 1/20%. 


For more information on B-L-H electronic transducers 
—load cells, pressure cells or torque meters—ask to 
have one of our field men call, without obligation. And 
write to Dept. 6-G for a copy of Bulletin 4300. 


BALDWIN :- LIMA: HAMILTON 


Blectronics & Instrumentation Division 


Waltham, Mass. 


SR-4® strain gages* Transducerse Testing machines 
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Copyright 1958 E & I Div., B-L- 
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Fisher Level-Trols—universally accepted 
in the power and process industries 


High in sensitivity and accuracy! For full float range operation the Fisher 
Level Tro | is factory C alibrate d or zero adjustec { to pr rodu ce an accurate 5 to 
15 psi or 6 to 30 psi signal output. Designed, engineered and universally Write for Bulletin F4A 
accepted for most liquid level control, liquid level indication and interface for full details. 
control problems. Has simple liquid level adjustment indicating dial—com- 
ned pneumatic proportional band and specific gravity adjustment. Heavy- 
y built—easy to operate—simple to service. Available with cage units for 
external mounting or internal top or side flange mounting with float sizes 
from 14” to 120 


a IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT’S CONTROLLED BY.. | FISHER: 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario London, England SINCE 9 
SINCE 188¢ 
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IN 12 WV a ; Miniature Hermetically 
ee | Sealed Relays 
" The reliability of this relay under 
RB M severe conditions of vibration and shock 


has been field-proven in many appli- 

cations. It is another example of how 

BHSM and BHSM HT TYPES KT ——) R-B-M’s production maturity and 
oo complete facilities can eliminate many 


of your engineering problems. 





Consult your local RBM Product Application Engineer or write for Bulletin BHSM-1. 


RBM Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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where accurate, dependable records are a MUST 


ROCKETDYNE looks to 
DYNALOG* Electronic Recorders 


Test-firing is a vital function at Rocketdyne, a division of 

North American Aviation, Inc. Rocketdyne manufactures liquid 
propellant rocket engines for the Army's Redstone and 

Jupiter missiles; the Air Force Atlas and Thor 


Critical data on engine thrust, temperature, valve operation, t the m tensive rocket re- 
and many other performance characteristics are recorded . earch center in the Free 


by a remote battery of 150 Dynalog Electronic Recorders. _ Ph aa toate an tae ae 


Dynalogs fit Rocketdyne’s instrument requirements to a T: —s ‘ o- Begecen a ~ nly 
accurate within +14 % of full scale, one second pen sweep, ii 
high input impedance. And because Dynalogs have no slidewire, 

Rocketdyne finds their maintenance problems practically 

eliminated. They prefer circular charts also, for faster, 

easier analysis of each measured variable after a test firing. 


Rocketdyne is presently using over 1,000 Dynalog Recorders. 
Find out how Dynalog Instruments can improve recording 
and control of your process. Write for Bulletin 20-10. 
The Foxboro Company, 367 Norfolk St., Foxboro, Mass. 
*Reg. U. S. Pat. Off 
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REG. U.S. PAT. OFF. 





Servo Motors For 


Transistorized Operations 


Meets MIL-E-5272 


SIZE 8 


8-5001-00 


400 
15 


4000 
0.03 
0.051 
22500 


54 to +125 


1.6v/26v 
Cont. 


910 
04 


47 
1.2 
Synchro 
863 
Pinion 
375 
750 


Leads 


*For 40v connection 


—65°C to + 125°C temperature range. 


SIZE 10 
10-5052-00 


45000 
—54 to +125 
1.0v /36v 
Cont. 


47 
2 
Synchro 
672 
Pinion 
218 
937 


Terminals 


SIZE 11 
11-5101-00 


400 
63 
6500 
4000 
“0.016 
0.028 
41500 
—54 to +125 
1.0v/40v 
Cont 


1.07 
45 
Synchro 
1.703 
Plain 
437 
1.062 


Terminals 


SIZE 15 


15-5153-00 | 


31000 
—54 to +125 
1.0v /40v 
Cont. 


SIZE 18 
18-5201-00 | 


400 
2.35 
5200 
3 —— 
~ 0013 | 
9.022 
40000 
—54 to +125 
1.0v /40v 


Cont 


Size 10 


Size 11 





3.3 
8 
~~ Synehro 
1.625 
Plain 
540 
1.437 


Terminals 


Size 15 


14 
Synchro 
2.03 
Plain 

540 
1.750 


Terminals 


Size 18 


This complete line can be varied by Oster specialists to your precise requirement. Write 
today for further information, enclosing detailed data on your needs. 


Other products include motor- 
gear-trains, synchros, AC drive 
motors, DC motors, servo mech- 
anism assemblies, motor tachs, 
servo torque units, reference and 
tachometer generators, actuators, 
motor driven blower and fan 
assemblies and fast response re- 
solvers. 


MANUFACTURING COMPANY 
Your Rotating Equipment Specialist 


Avionic Division 
Racine, Wisconsin 


Engineers For Advanced Projects: 


Interesting, varied work on designing transistor circuits and servo mechanisms. 


Contact Mr. Zelazo, Director of Research, in confidence. 
BURTON BROWNE ADVERTISING 


66 CONTROL ENGINEERING 





Single-turn, variable-phasing 
precision potentiometers meeting A.1.A. 
electrical and mechanical specifications. 
Five sizes in wide range of resistance 
values and output functions—%”, 1%”, 1%”, 
2” and 3” diameters. Available as 
single or gang assemblies. Various 
mountings and bearings available. 


SEND US YOUR REQUIREMENTS! 


CLAROSTAT MFG. CO., 


Canada: 


ear 


T™™ 


ON 8 RE a 


| Independent external phasing, 


before or after mounting: 


Phasing may 

be done before 

or after mounting 

and wiring, permitting 
readjustment to 
compensate for 
circuitry-component 
tolerance. 


. DOVER, NEW HAMPSHIRE, U.S. A. 
Marconi Co., Ltd., Toronto 17, Ont. 
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The Japanese Boom 
in Automatic Control 


Japan, in the midst ofa spectacular industrial boom, is rapidly 
bringing itself up-to-date on automatic control techniques. Last 
month, Kazuto Togino, chief researcher at the Government 
Mechanical ] aboratory in Tokyo, sent this on-the-scene report 
of activity in instrumentation and. control. 


“Concentrating their energy on post-war construction, Japa- Slow start 
nese engineers didn’ t really start in automatic control until 1953. 
At that time we were amazed at the tremendous strides that had 
been made in the U. S. We began to try and catch up. 

“First applications were automatic controls for furnaces in 
thermal power plants and iron and steel mills (by 1957, Japa- 
nese steel production had reached 12 million ingot tons, ranking 
the country sixth among the world’s steel producers) ; then, 
automaticity was applied to the process industries. During this 
early period, controllers were imported from U. S. manufacturers 
such as Leeds & Northrup, Foxboro, Taylor Instrument, Bailey 
Meter Co. and Minneapolis-Honeywell. New processing plants 
were built with American technical aid. 

“Next step was manufacturing controls in Japan. A number 
of local companies signed licensing arrangements with U. S. 
instrument and control makers. The agreement between the 
Yamatake Keiki Co. and Minneapolis-Honeywell is credited 
by many Japanese with being one of the most important factors 
in stimulating the use of automatic controls in Japan. 


“Today there are nearly 20 Japanese companies making pneu- Process controllers 
matic, hydraulic, and electronic controllers. Many of these 
work under license to U. S. firms, but some are using Japanese 
designs. To date most of the big control projects in Japan have 
been accomplished with American technical help, but now 
Japanese control engineers are starting to come into their own. 
‘For example, the control systems for the new, highly auto- 
matic paper mill of Oji Paper Co. at Kasagai was designed by 
Japanese engineers. mgs although some controllers were 
imported from the U. S., over half were made in Japan. 


“Coumaanieauimll for process industries is another area 
that has caught the interest of Japanese engineers. Almost 20 
researchers are at work in the field. ‘They've been handicapped, 
to some extent, by the lack of commercially available Japanese 


Computing-control 
study 
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DPDT CHOPPER 


for DC Instrument Amplifier assures close 
tracking of output demodulator with input 
modulator for high conversion efficiency. Yet 
input and output sections are thoroughly 
isolated from each other for minimum stray 
feedback. Contacts are permanently 
adjusted for long life. 


DPDT Chopper for 
DC Instrument Amplifiers 


Field test equipment with this @hopper as synchronous 
modulator-demodulator (with either vacuum-tube or transistor 
amplifier) can be compact and sturdy. Yet such equipment 
can have low ranges usually associated with laboratory equipment. 
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computers. But that picture is changing rapidly. Some 
users have imported IBM or Remington- “Rand computers. A 
couple of Japanese companies have started making data-loggers; 
none is vet completely in use. 
‘Tape- and card-program control has not yet been put to 
- by Japanese industry. Here at the Government Mechanical 
Laboratory, there are three projects under way in numerical 
control of machine tools. We expect that such research by 
Japanese tool makers will become incre: asingly active next year. 
But in Japan, because the aircraft industry is so small, there is 
nv urgent pressure to develop numerical controls. (Typical 
aircraft activity: Kawasaki Aircraft Co. recently signed a $22 
million agreement with Lockheed Aircraft Service Overseas, 
Inc., to build P2V-7 Neptune antisub patrol planes for Japan.) 
“Static acer AD elements are being sold by the Yaskawa 
Electric Mfg. Co., Ltd., under the tradename of Logit and 
‘Thypatron. r ogit, using a rectangular loop core, is the same as 
Westinghouse’s Cypak. 


“Overall, | would say that domestic-made instruments and 
atitomatic controllers are up to the technical standards of more 
advanced countries; in fact, some of this equipment is of superior 
quality. The gap between the theory of process control and its 
application is being reduced. On a theoretical level, I think 
that we Japanese engineers are about two years behind the 
countries of the West.” 

Control engineer Togino points out that Japan’s low cost 
of labor does not encourage the use of automatic controls. Still, 
Japanese industries are looking to such controls for high speed, 
high reliability, and high quality. High product quality is a post- 
war trend in Japanese goods. In the 1930's that country built 
a reputation as a supplier of cheap, flimsy merchandise. But 
all that has changed. ‘Today Japanese manufacturers are work- 
ing to high ste andards of qué lity. 

Just how fast the country moves ahead with automatic con- 
trol will depend somewhat on Japan’s economic health. Japan 
works on an extremely thin economic margin. Key to economic 
health is exports. The country must import all its raw ae 
95 percent of its petroleum, most of its iron ore, and all i 
coking coal. It must balance these with exports. Last year’s 
export g goal: a whopping $2.9 a Such pressures, according 
to Togino, lead some people it 1 Japan to fear that too rapid 
technological advancement might lead to war. 
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MICRO ALLOY 
TRANSISTOR 2N393 


... Most easily driven, high-speed 





switching transistor... 


nan for modern computer circuitry! 


- 





Exceptionally Good Life Characteristics, 
Reliability and Stability 


Low Hole Storage 


a \LLECTOR VOLTS, Vee L P f 
ow Saturation 


High Beta at High Currents 


Philco’s new 2N393 transistor is exceptionally well suited to 
the special branching requirements of high speed computer 
circuitry. Wherever multiple circuits must be driven from 
NES Mp 1 a single unit, the new 2N393 significantly outperforms 


TRANSISTOR ordinary driven-stage transistors. 
TYPE 2N393 


BASE VOLTAGE, Var IN VOLTS 


The 2N393 combines high gain with excellent high- 


frequency response at frequencies up to 50 megacycles. Beta 

2 —04 —0.6 -08 -10 -12 -14 =-16 -18 -20 linearity is extremely good at currents as high as 50 milli- 
BASE CURRENT, I, IN MA y %.cxemery got =% ems cease 

amperes. The new 2N393 micro alloy transistor provides 

high frequency switching plus low saturation resistance. 


This new transistor design is particularly well adapted to 
direct-coupled logic circuitry. Polarities of the emitter and 
collector voltages are similar to PNP junction-type transistors. 

PARALLEL X 

STAGES 
2N393 Make Philco your prime source for complete transistor appli- 
cation information .. . 


The 2N393 is also excellent for use in video amplifiers up to one megacycle. 
For complete specifications and prices on the 2N393, write Dept. CE-758. 





PHILCO. CORPORATION 


LANSDALE TUBE COMPANY DIVISION 
‘ LANSDALE, PENNSYLVANIA 
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Give and Take 





Control engineers regularly take from a vast store of experience in 
measurement and control that has been accumulating for half a century. 
The trend is strongest in vertical industries; whenever urgent requirements 
in one of these industries produce innovations in components, methods 
of test, improved materials for construction, or more appropriate methods 
of application, the innovations cross over to other industries. In this way, 
control engineers give an amount of know-how at least equal to the 
experience they take. 

Such is the case in nuclear processing, we learned recently at a confer- 
ence on nuclear process instrumentation and control held at Gatlinburg. 
Tenn. by the Oak Ridge National Laboratory. Young science graduates 
with a smattering of the principles of measurement and control were 
plunged into nuclear problems. They found that the temperatures were 
extreme. That corrosive process fluids soon destroyed standard measuring 
elements and control valves. That process integrity was an absolute must, 
to avoid overwhelming expense and human catastrophe. In this environ 
ment the “youngsters” came up with solutions, perhaps because they 
didn’t know that many of the problems had no solutions. Some are 
unnecessarily complex conglomerations, but there is a spin-off of sound 
innovations that other industries might find valuable. Here are some 
* primary measuring elements that perform at up to 1,500 deg | 
¢ butterfly valves that will take the battering and corroding of slurries 

that cut through Stellite seats and plugs of plug valves 

ean “eddy current brake” for throttling the flow of liquid metals and 
slurries 

¢a three-dimensional flow-mapping technique 

«methods of applying self-checking triplicated safety channels 

* digital automatic start-up channels 

*a diode matrix auctioneering unit 

Can you use any of them? If you can, drop us a note. We'll put you 
in touch with the men who have specified them and the manufacturers 
who can furnish them. And let us know, too, about some of your own 
problems in instrumentation, nuclear or not, that might be waiting on 
the proper innovation If that innovation is accessible, we'll describe it 


in a future issue 
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You get MORE from STABLVOLT* POWER SUPPLIES 


These new DC power supplies feature line transient sup- 

pression, fast response, and achieve the highest possible | Model DMR 136-15 
degree of reliability. Regulated broad range unit 
Designed for a broad range of applications, they are — with output voltage from 
recommended wherever accurate, trouble-free perform- 0.5 to 36 volts DC, 0-15 
ance is desired. amps. 

Dual magnetic regulation plus the most modern electrical 

and mechanical design techniques are combined in these | Model DMR 28-5 
competitively priced power supplies. Built and guaranteed = One of many versatile mod- 
for the most rugged duty by Stablvolt*—your assurance __ els engineered to meet your 
of quality in service and performance. specific requirements. 18- 


36 volts DC, 0-5 amps. 
Write for bulletin DMR-100. 


*Reg trade mark 


STABLVOLT DIVISION 


of MAGNETIC RESEARCH CORPORATION 
200-202 Center Street, El Segundo, California EAstgate 2-2403 
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Applying 
Part-Winding Controllers 
to Squirrel-Cage Motors 


THE GIST: The trend to higher-horsepower squirrel-cage motors, to 
raise the output of industrial equipment such as chemical pumps and 
machine tools, has prompted increasing complaints about the effects 
of the large inrush currents caused by across-the-line starting. To these 
complaints are being added those of the power companies, which are 
concerned about the attendant line-voltage fluctuations, and the con- 
trol-systems user, who finds that voltage dips can cause circuits to mal- 
function. This accounts for the renewed interest in increment starting, 
which is accomplished most economically by part-winding controllers. 


J. SHEETS and W. G. McMICHAEL 
General Purpose Control Dept. 
General Electric Co. 


Part-winding starting control (sometimes referred 
to as increment starting) is an inexpensive closed 
transition method for starting squirrel cage induc 
tion motors. Its purpose is to reduce inrush current 
and thereby minimize the effects of motor starting on 
the voltage characteristics of the power supply sys 
tem. 

The part-winding starting method uses a motor 
whose stator windings for each phase are made up 
of two sections, rather than a continuous coil of wire. 
In operation, the motor is first energized with only 
one of the windings in each phase connected to the 
line. Then, after a suitable time interval, the second 
winding is connected parallel to the first winding 
This is in contrast to the full-voltage starting method. 
whereby the total winding of the motor is connected 
directly across the line. Full-voltage starting usually 
results in currents that are approximately six times 
normal full-load running current. In contrast, mo 
tors started on part-winding initially draw about three 
or four times full-load motor current on the first step. 

Part-winding starting has the following benefits: 

1. It is the simplest of the reduced-kva starting 
methods. 

2. It provides closed-circuit transition, meaning 
that it is not necessary to break the start circuit be 
fore making the run circuit. 


3. It is usually the least costly of the reduced-kva 
starting methods 

4. It provides reduced-torque starting 

5. It can be applied to any standard 220/440-volt 
induction motor that is to be used on 220-volt sys 
tems 

But there are limitations to part-wing 
too. These include 


1. The heating and mechanical stresses on the 


ling starting, 


immature windings during starting are considerably 
more severe than thev would be if the motor were 
started full-winding, full-voltage. 

2. Part-winding speed-torque characteristics dis 
play a dip that makes it difficult to ac 
inertia loads to full speed on the initial winding 

3 l orque efficiency is the lowest of tl 


inrush methods. ‘Torque efficiency is defined as 


elerate high 


ic reduced 


ent of full-voltage starting t 


percent of full-voltage line current 


4. Special dual-voltage motors are required for 
svstem voltages larger than 220 volts 

Part-winding starting should be considered wher 
ever standard squirrel-cage motors and reduced-volt- 
voltage are 
It has been used widely on air-conditioning 


age starters giving 65-percent starting 
used. 
pumps and compressors because of power-supply re 
strictions. Lately, however, its potential for industrial 
machinery drives has become of great interest. Two 


factors underlie this new trend. First, utility people 
are concerned about the swing to higher-hp motors 


11 


throughout the industrial-machinery field because 





FIG. 1. 
Schematic of 3/3 controller 
for part-winding starting 


FIG. 2. Motor characteristics for one-half 

method of starting. For comparison solid curves 
show current and torque values when motor is 
started directly across the line. Note severe 

dip in the torque curve for one-half winding start. 
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of the current surges occurring when such motors are 
started across the line. Second, voltage dips are rap 
idly becoming intolerable in plants where there are 
machines with complex controls systems. Such con- 
trols may drop out of malfunction due to supply- 
voltage fluctuations. For these reasons, the use of 
step-starting for squirrel-cage motors is being en- 
couraged for an increasing number of applications. 
The majority of the opportunities for part-winding 
starting are on low-inertia drives. On high-inertia 
drives such as ball and hammer mills, it must be 
assumed that the load will not accelerate to full 
speed during the first step. Jogging of part-winding 
starting motors is therefore not encouraged. 


3/3 and 4/2 pole controllers 


There are two conventional control circuits for 
part-winding starting. The historic approach (some 
times called the “one-half” winding method) has 
been to employ two similar three-pole contactors, 
each of which connects an identical set of motor 
windings to the line, Figure 1. In this control circuit, 
contactor S closes, connecting windings A, B, and 
C to the line to produce the starting torque. After 
a time delay, contactor R closes, putting windings D, 
E, and F across the line. Now the full windings are 
energized and the motor assumes conventional 
operation. Contactors S and R each carry only one- 
half of the line current. Therefore, the contactors 
used in this type of control need be rated at only 
one-half the horsepower of the motor. 

In this starting method, one-half of the motor 
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windings are in the circuit in a symmetrical Y con 
nection. Since only half of the total number coils 
are active, the winding will produce a torque dip at 
approximately half speed. In some cases, this dip 
may be so severe as to touch the zero-torque line 
Figure 2 shows the speed vs. torque and line current 
vs. torque charactcristics of a typical motor for both 
across-the-line and 3/3-pole part-winding starts 

One way to overcome the disadvantages that can 
result from severe torque dips is to apply the control 
scheme shown in Figure 3; this is known as the “two 
thirds” method. This variation makes use of a fom 
pole starting contactor and a two-pole run contactor 
In operation, the start contactor closes to energize 
windings A and B in series and simultaneously, 
windings D and F in series. Again, after a suitable 
time delay contactor R closes, completing the circuit 
to windings C and E. Now all of the motor’s wind 
ings are energized. 

It can be seen that with this arrangement two 
thirds of the motor coils are in thie circuit during the 
starting cycle. Therefore, the torque dip caused by 
the harmonic fields will be considerably less (see 
the speed-torque curve of Figure 4). Some small 
ot low-speed induction motors may require the one 
half method of connection. However, even here 
the standard 4/2 pole controller can be used when 
it is connected as shown in Figure 5. 


Motor connections 


The above examples have shown Y-connected mo 
tors having six leads. For flexibility, it is desirable that 
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the standard 
both Y- and 
or nine leads. Actually it can. The schematic dia- 
grams and explanatory table in Figure 6 show the 
control connections that are to be made for any of 
six possible 


controller be able to control 


+ 2 pole 
lelta-connected motors having either six 


~ 


ymbinations of motor connections and 
It should be noted that for nine 


1] be required to 


number of leads 


lead motors, it w connect together 
certain motor leads at the motor terminal box. 

Ihe National Electrical Manufacturers Association 
recently listed part-winding starters as “— Class 
\ magnetic controllers for squirrel-cage motors of 
the type in which a part of the winding is connected 
to the supply lines for a first starting step and an 
identical winding is then connected to the supply 
lines as the second step.” ‘The ratings recommended 
by NEMA are shown in Table H, which covers a 
total of five different controller sizes rated at from 
15 to 400 hp on 440-550 volts. 


Timer setting 


The adjustment of the 
time-delay relay _ that 
switches the motor from 
start to run conditions is 
important to satisfactory 
application of part-wind 
ing starting controls. Most 


windings will result in a minimum 
ance and voltage dip. In a large numl 
however, the load will require practica 
torque before accelerating to rated 
these cases the motor will not be able 
to full speed on the first step of the I 
(he natural tendency of the control ens 

specify an increase in the time delay setting of the 
switchover relay in an attempt to obtain full accelet 
ation during the first step. However, if this expedi 
ent is carried too far, it will result in tripping of the 
overload relays. If the motor will not accelerate on 
the first step, it is best to set the relay to switch from 
start to run in a relatively short time period, in the 
If it is expected that the 
motor will be able to accelerate the loa 
able period of time, the timer may be 
of as much as 10 sec. 


order of | to 2 sec of delay 


i reason 


In any case, | 
time delay must be given careful 


Increment 

vs. full acceleration 
In the majo 

plications of 

techniques, th¢ 

celerates to full speed on 


iTt-W inding 


motor a 





the first step. Operation in 





applications require the 
motor to accelerate to full 
speed under the first step. 
If this is possible, the 
switchover to the full 








this mode is termed “full 
acceleration” starting and 


is distinguished r the 
fact that there no addi 
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a). -£ Rea 
ke i ae 4 etter ed terminals in pane 
Table I part winding schemes , a Tete 
ATBICID AE Be 
V2y or A 6 leads T3 | Te | T7 | To | To [Th 
vey CS teaods dC Tp |? [Tg 2 
V2A ___Q9 leads O T3 | Te [| T To | To |T 
| 2/3yor A _——C& leads 113 |T2 | 17 | To | Te IT 
2/3y ___ 9 leads O | 13 | T2 | T7 | Tg | Te {tT 
e/3 A 9 leads O iT3 | te jt {19 | Te [T 
© Connect terminals 4,5 and 6 together at terminal box 
O Connect terminals 4 and 8,5 and 9, Gand 7 together in 
three seporate pairs at termi inal Dox 
y Connected motors A Connected motors 
T a * T7 T T, T. ae 
3 : 5 S <i 3 Tt, Ts 
5 ANT T. 
8 Yh 4 \/ V3 W/\ 
a ~ 
Tg =~, 
+ T T, 
T, Tg 2° 2 Ig 5 Ts | 
6 leads 9 leads 6 leads 9 leads 
FIG. 6. Table of connections for adapting 4/2 
controller for part-winding starting of motors having 
1} ] 


anny combination of connections and cada 


Table II—NEMA Ratings for Part-Winding Controllers 





8-Hour Controller Horsepower 
Size Open Rating 
of Contactors, 
Amp 220 Volts 440-550 Volts 
1 PW 25 10 15 
2 PW 50 30 50 
3 PW 100 60 100 
4 PW 150 100 200 
5 PW 300 200 400 














tional current inrush at the switchover from start 
to run conditions. Only full-acceleration starting 
will overcome the voltage dips that are objectionable 
to utility companies and control users for the reasons 
mentioned previously. Another mode of operation, 
“increment starting”, is employed in certain appli- 
cations. Here the motor does not reach full speed 
during the first step, and hence total inrush current 
is not appreciably reduced: it is merely divided into 
increments. ‘This is brought out in Figure 7, which 
shows the curves of speed vs. current for both full 
acceleration and increment starting. 

In cases where full acceleration cannot be ex 
pected during the first step, increment starting has 


an advantage over full-voltage starting. One specific 
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objection to full-voltage starting is that it will result 
in light flicker within the building or plant 
have shown that flicker decreases appreciably if the 
dip in light intensity can be broken into one or more 
steps. In other words, a dip of 6 percent in light 
intensity is objectionable, while a dip of 3 percent 
followed by an additional dip of 3 percent 2 sec 
later is not objectionable. For this reason, a motor 


l'ests 


using an increment-starting control will have a 
tolerable effect on illumination levels; this same 
motor started on full voltage would cause objec 


tionable light intensity dips. 
Branch circuit protection 


For part-winding controllers, the rating of the over 
load-relay heater need be only one-half that of an 
across-the-line starter for a motor of equivalent rat 
ing. This means that the cross-sectional area of t 
heater is less than would usually be specified for a 
motor drawing the same full-load current. However, 
the branch circuit protection on the line ahead of the 
starter must be capable of permitting full inrush cu 
rent (about six times full load current) during the 
starting cycle without removing the motor from the 
line. ‘Thus, the capacity of the overload heaters will 
be considerably less than the rating of the branch 
circuit protection. 

Unless special precautions are taken to coordinate 
the motor branch circuit protection with the actual 
overload relay heaters chosen, the 
heaters will tend to act as fuses upon short circuit 
conditions. The ideal answer, of course, 
of fuses. This is often not economical. In 
cases the use of dual element fuses rather than NEC 
fuses will result in better protection of the overload 
relay heaters. 

In summary, part-winding starting can usually be 
applied to advantage on low- inertia loads by th« 
proper choice of controller connections and 
over timer settings. When successfully applied, this 
method will result in a reduced current 
inrush to meet the requirements of most power com 
panies and to minimize disturbance on plant buses 
feeding complex control panels. 
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FIG. 7. Comparison of current drawn during starting with 


onventional-increment and full-acceleration methods 
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Bank of America is using a mag- 
netic reader to process cashed trav- 
elers checks. Here is a description 
of how the device works, the cir- 
cuitry that converts Arabic numer- 
als to electric signals, and the tech- 
niques which prevent errors. 
















Magnetic Reader Speeds 
Travelers-Check Processing 


CHECKS TO 





BE READ FIG ] Operator nsole and block 
diagram of check reader. Girl places 
cashed travelers checks in stack at 
her right hand. Rubber belts carr 


checks past writin l-read heads 





lo speed up the processing of travelers checks 


after they have been cashed, the Bank of America has 
installed an electronic reader developed at the Stan 
ford Research Institute Control Systems Laboratory 
Using a magnetic reading head, the machine senses 
the serial number and amount of the check—printed 
in a special magnetic ink. It then performs an arith 
metic check, punches out a card that can be recon 
ciled with similar cards prepared when the checks 
were issued, and finally totals the amount of checks 
handled. In operation since June 1957, the machine 
has processed six million travelers checks. And the 
machine has rejected as unreadable less than } pet 
cent of the items. 

Handling travelers checks lends itself to auto 
matic operation. For one thing, processing 1S sea 
sonal. ‘The majority of checks are cashed during the 
summer months when vacationers are on the move 
‘hat means bank clerks trained to handle reconcili 
ation of travelers checks have little chance to use 
their training during the long time lags between 
peaks. The electronic reader can accommodate the 
seasonal load without difficulty. And it releases per 
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DENOMINATION SERIAL NUMBER 


CODE NUMBER ' NINES-CHECK " 


NUMBER 
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FIG. 2. New travelers check with 
serial number, denomination 
number, and “nines-checking” 
number printed in magnetic ink 
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Aare ewe we 


sonnel within the bank for work of greater seasonal 
stability. 

Checks are issued to the seller in large blocks. 
Since each block contains a sequence of serial num- 
bers, an equivalent series of cards can be punched 
automatically with conventional equipment. 

Frequently while a check is in circulation it is writ- 
ten on, or subject to stamping and defacement. 
For this reason the machine does not use an optical 
scanner; the magnetic head reads the Arabic numerals 
directly, obviating auxiliary coding. Because of the 
design of the reading head, misregistration of the 
printing on the checks does not affect the perform- 
ance of the reader. The numerals can be displaced 
vertically as much as plus or minus 2 in., or hori- 
zontally by an inch or two, without impairing 
readability. If the numerals are skewed (by defective 
printing or improper operation of the mechanical 
feeder) as they pass the reading station, the machine 
will not reject them until the skew is more than 
} in. in the 6in. length of the check. 

When the checks are returned from circulation, 
their order, of course, is random. Before the check 
reader was installed, new cards corresponding to the 
returned checks had to be punched and reconciled 
with those prepared when the checks were issued. 
The electronic reader does away with the manual 
punching operation and reduces the chance of error. 

Some errors, of course, will arise as the machine 
reads. But when they occur, the checks are rejected 
by the checking circuits. The machine’s reject rate 
of less than 3 percent compares favorably with the 
3-percent card-spoilage rate of the manual operators. 

There are five reasons why the error rate is low: 

1. The Arabic numerals are stylized for maximum 
differentiation between waveforms for the 10 numer- 
als (see Figure 3). 

2. A single error within a character code results in 
a forbidden combination, not another character. 

3. A parity check and forbidden-digit check are 
used in the relay-storage matrix. 

4. The storage register must fill to exactly 11 digits 
per check. A dropped digit or extra digit causes the 
check to be rejected. 

5. A “nines-check” digit is used. 
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Here is how the digit proving works. Each check is 
printed with an extra digit that is selected so that 
the sum of all the digits is a multiple of nine. In 
the travelers check of Figure 2, for example, the serial 
number is 084 917 897; the $20 denomination is 
represented by a 2 at the center of the check. ‘I hus, 
the “nines-check” digit, which is printed to the 
right of the denomination digit, must be an 8 so that 
the sum of all of the digits will be 63, a multiple 
of nine. The machine automatically rejects all checks 
that do not satisfy the nines-check relationship. It 
would also be possible to use the check digit as an 
error-correction device (to fill in the correct number 
whenever a single digit is missed by the reader). 
This would improve the reject rate with only a slight 
sacrifice in error-rate. It was not used here because 
the reject rate is satisfactory without it. 


Operating the machine 


The main function of the machine operator is 
keeping the feeder console supplied with checks and 
the punch supplied with cards. The operator places a 
stack of travelers checks in the feeder position and 
presses the starting switch. The machine picks up 
checks from the stack, reads them, and punches cards 
at the rate of 100 per minute—the maximum speed 
of the punch. A faster punch could operate at 10 
times this rate without changing the velocity of the 
check transport or the reading rate of the electronic 
circuitry. ‘The reader is synchronized with the card 
punch so that each check is fed from the stack with 
an adequate lead time for the punching cycle. 

The check passes through a set of pressure rolls 
that smooth any bad wrinkles. It then actuates a 
track switch that produces a “demand” signal for a 
card to be fed by the punch. As the check passes a 
write-head, a 15-ke carrier frequency is impressed on 
the magnetic printing. At the reading station, the 
signals from the read-head are amplified so that the 
numerals can be decoded, checked for errors, and 
put into storage. If the error-checking circuitry indi 
cates that the check has been correctly read, it is 
automatically stamped PAID and stacked with ac 
cepted checks. If the full number has not been read 
correctly, a signal diverts the check to a reject bin. 





Whether the check is accepted or not, a card is 
punched with the requisite information. Cards cor 
responding to rejects are offset-stacked (a hole in a 
separate column indicates a reject). A mechanical 
printer reads the serial number and denomination 
directly from each card immediately after it has been 
punched, and prints a list and dollar total for each 
batch. {The list includes rejects as a convemience in 
checking.) This list can be compared with a similar 
list received by the central office. 

Extensive interlocks are incorporated to make the 
machine very nearly foolproof. The machine will 
stop feeding if it runs out of checks or cards, if a 
check or card jams, if a supply voltage fails, if the 
feeder’s vacuum system fails, if the safety covers are 
lifted, or if a bin for punched cards becomes ovet 
filled. A failure of the reading, checking, or storage 
circuitry sends all checks to the reject bin. 


Reading magnetic numerals 


The numerals used on the travelers checks have 
been styled to reduce the complexity of the decoding 
circuitry and to maintain a high degree of decoding 
accuracy. The interpreter section of the electronics 
identifies the character on the basis of high and low 
level amplitudes of the modulating signal at predc 
termined time intervals. This internal coding takes 
the form of a serial binary code using six binary bits. 
For example, the code for the numerals six is the 
series high-low-low-high-high-low, reading from right 
to left. A coding of this type has been incorporated 
in the numerals font. 

The width of the numerals is another means of 
identification, three different widths being employed. 
The full-width numerals are the zero, three, four, five, 
seven, and eight. In the second group, 5/6 of full 
width, are the two, six, and nine. The numeral one 
occupies 4/6 of full width. The serial binary code 
plus the width information has been defined as an 
eight-bit binary code. Numeral six is completely rep 
resented by 10011010. In the eight-bit code, each 
number differs from all other numbers by at least 
two binary bits, thus making it possible to detect 
single errors in the code. 

Io convert the numerals to electrical signals, a 
fixed-frequency sine wave is magnetized on the mag 
netic ink via the write-head. When the magnetic ink 
passes the read-head the sine wave is detected 
Ihe detected wave is amplitude modulated by a 
function dependent on the amount of magnetic 
medium under the read-head air gap. If the mag 
netic medium is characterized by a strip passing 
perpendicular to the air gap, the amplitude of the 
output sine wave will be proportional to the width 
of the magnetic strip. Using the approximation that 
amplitude is directly proportional to the length o 
magnetic material under the read-head air gap and 
the fact that the head completely overlaps the num 
eral, the wave shape representing each numeral can 
be graphically constructed (Figure 3) 


Both the read- and write-heads are single-channel 
heads, wide, with conventional pole construction 
The wide track width overlaps the printing, and 
allows considerable variation in registration of the 
0.210-in.-high numbers without changing the out 
put signal. ‘The write-head current is sufficiently 
large to completely saturate the magnetic ink so that 
the output signal from the read-head is independent 
of recording current. 


Decoding circuitry 


Figure 4 shows a block diagram of the decode 
section. ‘The electrical signal from the read-head is 
implified and demodulated to obtain the envelope 
which is characteristic of a particular number. The 
demodulated signal (Figure 5) is then introduced 
into a tapped delay line, which stores it for a full 
character-width in time. The associated 
circuits are synchronized with this delay line, 
the high-low information simultaneously available 
from the six taps at readout time The signals 
from the six taps are fed to difference amplifiers for 
comparison with a reference level 

The read-out timing and the width inf 
ome from a second timing delay line. The signal 
fed to this line is a shaped pulse obtained by 
the envelope signal at a low level. This pulse de 
termines the starting time and time width of the 
incoming signal. The timing delay line has four 
taps and approximately the same total time delay as 
the main delay line. One tap, located at the termina 
tion of the line, determines the time that the signal 
is at the correct decoding position in the main delay 
line. ‘The other three taps are set at time intervals 
representing the three different character widths 

At a fixed time after the signals have entered the 
delay lines the voltages at all the taps will 
right amplitude to specify the particular 
has been received 


timing 
7 
making 


rmation 


lipping 


have the 
onal that 
This fixed time is exactly equal 
to the length of the timing delay line. When the 
shaped signal reaches the termination tap the in 
formation at all other taps is sampled Sampling is 
performed by the gate tubes shown in Figure 4, 
with the one-shot multivibrator controlling the 
opening. Before a sample can be taken, there must 
be positive voltage at the minimum-width tap to 
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FIG. 5. Demodulated signal is characteristic of 
numeral. Note that time base is reversed from 
Figure 3 because check is read from right to left 
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satisfy an AND circuit. Since noise signals here are 
characteristically shorter than the numeral signals, 
false samples are easily eliminated 

I'he six taps of the main delay line are connected 
to difference amplifiers for the purpose of comparing 
the voltages against a reference. ‘The reference 
voltage used is the largest voltage at any one of the 
six taps at sample time. The necessity of comparing 
against a reference is due to a variation in ink density 
during printing: the signals will all have the correct 
shapes but the amplitude factor may vary The peak 
value of the sample points, selected in the peak 
detector, is proportional to this amplitude factor 
and supplies the signal-normalizing reference 

If a sample-point voltage is greater than some fixed 
percentage of the reference voltage, the difference 
amplifier will pass a positive signal through the gate 
at. sample time. Otherwise, no signal passes the 


i 
gate. Each difference amplifier uses a different per 


I 
centage of the reference to allow a maximum of 
signal variation. Any voltage may deviate from its 
expected value by 50 percent and still decode prop 
erly. At readout time, the gate outputs supply the 
high-low information in parallel binary form. 

The two “width” taps of the timing delay line ar 
connected to shapers, and when their output signals 
are gated, the width information is in binary form 
\fter it is converted to its decimal equivalent, the 
received signal is ready for storage and checking 
Storage 

Because the punch accepts information in parallel 
form, and because there are timing considerations, 
the incoming number sequence must be stored before 
it is transferred to the punch. To facilitate storage, 
the decimal signal is converted to a coded form by 
another diode matrix. ‘The code used is the binary 
excess-three code with a parity check, stored by 
means of thyratron-controlled relays. Eleven banks 
of five thyratrons and relays store the 11-digit num 
ber. The binary digit from the matrix drives the con 
trol grid of the thyratron, while the signal which 
steps down the banks drives the suppressor grid 
(he stepping signal comes from the decimal digit 
counter, which counts each of the 11] digits in 
the serial number. When the thyratrons fire and 
pull in the relays, the relay contacts decode the bi 
nary form back to decimal. As the punch comes to 
the correct part of its cycle, the punch emitter con 
nects the relay contacts to punch magnets for the 
card perforating operation. 


9’s check and 11-digit check 

\t the same time that the decimal number is 
being stored, it also undergoes two verification 
checks. One of these determines that a full 11 digits 
and only 1] digits have been received; this is ac 
complished using the 11th output of the decimal 


digit counter. ‘The second check verifies that the sum 
of the serial number is a multiple of nine. 





The nines check circuit is divided into two parts 

igure 6 

The first part produces a pulse sequence which 
has the same number of pulses as the numerical value 
of each received digit. When each of the 1] num 
bers on the check is scanned, this sequence is pro 
duced as follows: The incoming decimal signal is 
fed through a diode matrix, which converts the signal 
to a sixteens-complement binary code; that means 
the number to be coded is subtracted from 16, and 
the difference value is then coded in the familiar 
8, 4, 2, 1 binary code. For example, when a 5 1s 
received, the code from the matrix is 101] 

16 5 11;8+04+2-+1 11). The sixteens 
complement code from the matrix then presets a 
four-section binary counter. 

The reason for the sixteens-complement code can 
be seen by considering the number 5. This would be 
coded as an 11, and the 11 preset into the binary 
counter. Exactly five input pulses will then be re 
quired to step the counter to the end (16th posi 
tion). This arrangement provides a means for ob 
taining the proper pulse sequence. Simultancously 
with the decimal signal, a sample pulse indicates 
that the reading of the incoming signal has been 
made. The sample pulse triggers a flip-flop, which 
in turn releases the clamp on a multivibrator and 





STANDARDIZATION IS UNDER WAY 


new system has been described recenth 
reading numerals of conventional 
rinted in magnetic ink The Arabic 

shown her 
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recommended by the American Bankers Association as 
a new standard for all checks printed in this country, 
since it can be read equally well by the general public 
or by machines. When this recommendation is imple- 
mented, all personal and commercial checks will use 
these numerals to identify the writer's account number, 
branch number of his bank, transit routing numbers, 
and denomination. 

The Bank of America’s travelers check reader differs 
from the new system in that the decoding logic is less 
sophisticated and requires the printed numerals to be 
tightly controlled in order to make them readable by 
the machine 


1 with that system and 


Both of the above systems were developed jointh 
by the members of the Control Systems Labora 
tory, Stanford Research Institute. In addition to the 
authors, the following engineers made important con 
tributions to the electronic portion of the project: F. C 
Bequaert, W. C. Dersch, S. E. Graf, M. D. Marsh, 
and R. I. Presnell. The automatic document-handling 
equipment was designed by T. Hori, R. F. Newton, 


B. J]. O'Connor, and P. H. Wendt 
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Automatic Input for “Business Data Processing Systems”, 
K. R. Eldredge, F. J]. Kamphoefner, and P. H. Wendt. Pre 
sented at Eastern Joint Computer Conference, 
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allows it to free-run after a short delay. ‘The output 
of the multivibrator triggers the four-section binary 
counter, and as it steps to the end, the flip-flop is 
switched back, causing the clamp to be reapplied. 
During this cycle, the number of pulses produced 
by the multivibrator is equal to the decimal value of 
the incoming signal. Because the numbers zero and 
nine will add either nothing or a single multiple of 
nine to the total sum, the decimal sig1 
two numbers prevents the clamp from 
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leased, and no output pulses result. If sample is 
taken, but because of distorted printing no decimal 
signal appears (a possibility because of the error 
detection quality of the code used for 


lesignating 
characters 


a sequence of 16 pulses generated. 

he second part of the nines check circuit accumu 
lates the multivibrato1 pulses in 
counter. At the end of the number se 
quence, this counter must be in the nine position 
for the sum to be equal to a multiple of nine. An 
AND circuit using the output from the ile-of-nine 
counter and the 11th output of the decimal digit 
counter produces the final signal for the 
of the nines-multiple and 11th digit 
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THE GIST: Increasing demands for direct 
measurements of product composition 
of process streams have led to greater 














use of analysis instruments in the closed- 
loop control of operating plants. In this 
case history, the authors describe an in- 
stance in which an infrared analyzer ap- 
plied to reflux ratio has for the past four 
yeors successfully, reliably, and auto- 
matically controlled the product stream 
from a distillation column. 
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FIG. 1. The flow and instrumentation diagrams for a 
distillation process. Here the product-stream 
composition is under automatic control of an infrared analyzer 
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On-Stream Control with 
an Infrared Analyzer 


A rather unique application of an inft red spec 
trometer-type continuous analyzer occurred in the 
control of a distillation column’s overhead product. 
The problem was one of determining and auto 
matically controlling small concentrations of o-ethy] 
toluene in a liquid stream of m- and p-ethy] toluene 
Such an analysis called for a dispersive-typeé infrared 
analyzer, but at the time no such instrument was 
commercially available that would meet analytical 
and operational requirements. For this reason, ‘I he 
Dow Chemical Co. designed and built its own in 
frared spectrometer stream analyzer (Refs. 1 and 2 

Because of the hazardous-area location, the ana 
lyzer’s optical system and associated electrical com 
ponents must be enclosed in a standard 
proof housing—but without sacrificing resolving 
power or reducing output signal from the detector. 
A large output signal permits a smaller amplifier gain, 
which thereby increases the instrument's stability and 
reliability. The sampling system, designed to mini 
mize cell maintenance, provides dried and filtered 
sample to the analyzer at a slight static pressure. ‘The 
filter uses readily available filter-paper discs, yet keeps 
sample volume to a minimum. 

Figure 1 shows the distillation column, the ana 
lyzer, the analyzer-controller, flow-controller, and the 
sampling system. The sample stream is taken several 
trays from the top of the distillation column and is 
analyzed for the o-isomer; then the analyzer recordet 
controller ARC-1 repositions the set-point of the 
overhead flow recorder-controller FRC-5. Thus, a 
deviation from nominal of the o-isomer causes a 
change in product flow which effects a corrective 
change in the reflux ratio to maintain desir« 
composition. 

The sample stream is taken out 125 ft above the 
column’s base and, although the column operates at a 
vacuum, there is more than adequate head to pipe a 
pressurized sample to an analyzer room about 140 ft 
(275 ft total sample run) from ‘the base of the 
column. At the time of the installation the dynamics 
of the process and control systems had not been in 
vestigated, but previous experience had indicated 
the necessity of keeping the sampling dead time o1 
sample transportation lag at a minimum to assure 
process controllability. Here, the dead time was kept 
small by withdrawing a main sample stream of 
about 0.5 gpm—which means a high velocity—from 
the column and taking from it (in the analyzer room 
a side stream of 10 to 20 ce per min. 

As indicated in Figure 1, the main sample stream 
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is returned to the process, at the suction side of 
the overhead product pump. Figure 2 shows the 
details for the drying and filtering of the smaller 
analyzer sample before it enters the infrared spec- 
trometer housing; from there the sample is piped 
through a small rotameter FI-2 and discharged into 
a vented storage drum. ‘This small side stream is not 
returned to the process, but finds other uses in the 
plant operation. 

The infrared spectrometer AT-1 feeds a concen- 
tration signal to the analyzer recorder-controller 
ARC-1 which contains proportional, reset, and rate 
action control functions. The resulting pneumatic 
output of this controller adjusts the pneumatic set- 
point of the associated product flow controller 
FRC-5, which contains proportional and reset ac- 
tions. There is an integral by-pass arrangement 
around the analyzer-controller but not around the 
flow controller 


On-stream results 


(he infrared spectrometer analyzer AT-1 and the 
recorder-controller ARC-1 have been on-stream fo 
ibout four years and have given better than 98 per- 
cent reliability. The major factors in this high degree 


of reliability are cell design, sample cleanliness, rug 


ged analyzer design, and the protective housing. 
Accuracy of the reading is assured within one-tenth 
percent ortho by introducing a standard sample at 
weekly intervals and then correcting for drifts. 

Maintenance of the spectrometer and signal ampli 
fier is done by the Spectroscopy Laboratory. Routine 
maintenance of the analyzer-recorder and the weekly 
standardization is done by an Instrument Dept. 
route man, and takes about one-half hour per week. 
I'he infrared source has required one replacement in 
the past four years. The sample cell, using rock salt 
windows, has also been replaced just once, and then 
only because the accumulation of polymer on the 
windows during a plant shutdown altered the cell’s 
transmission characteristics 

Figure 3 shows an actual plant record of concen 
tration control for the 24-hour period of Aug. 28, 
1957. The scale calibration of the analyzer recorder 


controller is nonlineat 


rather arbitrary. 
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How Precise Are 
inertial Components? 


THE GIST: Inertial navigation—a highly specialized form of dead-reckon- 
ing—depends upon sensing and integrating changes in vehicle motion to 
compute velocity, the first time integral of acceleration, and distance, the 
second. Successful navigation depends strictly on instruments that mechanize 
the laws of motion with extreme accuracy. A fraction of a dyne-cm of stray 


torque is usually all that can be tolerated in a gyroscope or accelerometer, 
and there is a host of potential “claimants” for their share of this torque. 
Authors Slater and Wilcox review the many sources of error and point out 


what can be done to minimize them. 


J. M. SLATER and D. E. WILCOX 
Autonetics Div., North American Aviation, Inc. 


An inertial navigator determines velocity and posi- 
tion by sensing and integrating craft acceleration. 
The acceleration-sensing devices mechanize New- 
ton’s second law (force equals time rate of change 
of momentum). The force required to restrain a 
small known “proof mass”, mounted to move freely 
relative to a base, is a measure of acceleration, in 
accordance with the familiar expression F = MA. 
To maintain a predetermined orientation independ 
ent of craft maneuvers, the acceleration-sensing de 
vices are mounted on a platform stabilized by gyro 
scopes. The orientation is typically (though not 
necessarily) level and NSEW. The gyroscopes also 


mechanize Newton’s law in the form L = o H, where 
L is torque, » is angular velocity of precession, and 
H is gyroscope angular momentum. 

Inertial navigation offers vast potential advantages, 
since Newton’s laws hold exactly at any practical 
speed. Not only are inertial systems completely inde 
pendent of any input except acceleration, but they 
can yield a variety of information (besides position 
coordinates) necessary for craft guidance, and prom 
ise virtually unlimited potential accuracy 

[he problem is that navigational accuracy de 
pends directly on how faithfully the accelerometers 
ind gyroscopes mechanize the laws of motion. Prac 
tical inertial navigation is, therefore, primarily a 
problem of precision instrumentation. Every con 
ceivable source of error, no matter how small, must 
be located and eliminated. 


WHAT KINDS OF ERRORS ARE ENCOUNTERED? 


Errors appear as spurious components of the 
quantity being sensed—a false acceleration A’ and 
a gyro drift rate »’. They have three sources: 

1.Stray torques or forces acting about or along 
the critical axis of the instrument. 

2. Nonlinear instrument output. 

3. Misalignments within the instrument. Gyro 
scopes and accelerometers must solve vector 
equations in which direction is as important 
as magnitude. Errors from the preceding sources 
may be negligible, yet an instrument may not 
operate properly because of cross-coupling and 
other effects associated with improper internal 
alignment within the component. 
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Figure 1 shows the navigational position errors 
resulting from a constant acceleration bias and a 
constant drift rate referred to a horizontal axis. ‘The 
stable element is assumed to be initially level. In 
each case, the oscillation superimposed on the lineat 
component is caused by the Schuler tuning of the 
system, as explained in the references listed at the 
end of the article. 

Gyroscopes and accelerometers (generically in 
ertial components) have much in common. In each 
type of component there is an element—translatory 
or rotary—characterized by mass or inertia that fur 
nishes the M in Newton’s second law. This element 
is supported on bearings of one or more degrees of 
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to be initially level and bias appearance subsequent to leveling 


Propagation of position errors from accelerometer bias 


STRAY TORQUES AND FORCES 


These usually constitute the most serious source 
of error; in inertial components of practical size the 
permissible stray torque or force is extremely small. 
\ssuming that the permissible constant accelerome 
ter bias is 10-5 g’s, as indicated in Figure 1, then the 
allowable stray force F’ per gram of accelerometer 
proof mass is only 0.01 dynes. And if the permis 
sible gyro drift rate is 0.001 deg per hour, then the 
allowable stray torque L’ on the gyro is only 0.005 
dyne-cm for each 10® cgs units of angular momen 
tum. To get a feel for the magnitude of 0.01 dyne, 
hold out your hand and try to “weigh” the sunshine 
The force due to solar radiation pressure is about 
0.01 dyne. 

Figure 2 summarizes the forces and torques that 
act on an inertial navigator stable clement. It is 
the potential disturbing torques that are of concern 
here. Note that these are divided into acceleration 
dependent and _acceleration-independent 
Ihe following discussion deals only with torques, 
rather than with both torques and forces. This is 
reasonable since gyros are always rotary, and more 
often than not accelerometers are 


groups 


too. 


\cceleration-independent torques 


(his group includes frictional, resilient, or mag 
netic coercion from pickoffs and other transducers, 
electrical lead-ins, and other fittings and accessories. 
Interaction between parts of a gyro or accelerometer 
and the earth’s magnetic field, or other stray fields, 
is also acceleration-independent. 

Many of the acceleration-independent sources of 
error will yield to obvious lines of attack. Sources 
of frictional torque, such as potentiometers and slip 
rings, must be avoided. Pickoffs or torque genera 
tors that create variable or uncontrolled magnetic 
effects can cause error torques or moments on the 
sensitive element. Moving-coil transducers are often 
preferred to moving-iron transducers, even though 
they require lead-in wires to the moving element 

In the past the gimbal or pendulum bearing was 
the main source of disturbing torque, since it had 
to satisfy a combination of incompatible require 
ments: low coercion of any sort and _ particularly 


freedom and designed for minimum 
L’ or force F’. A position pickoff detects deflections 
long the 
ymmand 


rorce 


torque 


or displacements of the mass about or 
bearing, and usually a predetermined o1 
L or F is applied to the mass by a torque o1 
generator. Because of the basic similarities of 
anization, the previously listed sources 

be examined simultaneously for both ty 
ponents. Specific comments will be mad 
they are necessary for clarity. 


mstant leveling-gyroscope drift rate, assuming platform 


zero coulomb friction, adequate load 
pacity to withstand the 
gyroscopic precession or with pendulum yperation, 
and accurate and rigid axes to avoid 
Even under unaccelerated conditions 
have friction-torque levels that are on 
orders of magnitude higher than can be 
at the critical gimbal axis of a navigational gyroscope 
or accelerometer. The principal source of ball 
bearing torque is the internal hysteresis of the beat 
ing parts, resulting from preloading (and her 
tortion) for proper rolling action and a 
definition. Thus friction is still present ever 
the weight carried by the bearings is reduce 
by complete flotation of the supported member 
Ball retainers also contribute friction The 
ured stiction torque of gimbal-type ball 
capable of supporting loads of about | kg ranges 
from 10 to 100 dyne-cm under ideal cond 
Supporting the sensitive element (in a 
spin bearing, motor, and gimbal bearing 
liquid has proved effective in minimizing 
axis torque 
sure-supplied 
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static friction. Typically, a hydrodynamic liquid 
bearing capable of supporting a few hundred grams 
will exhibit a very small, and strictly systematic, 
torque. ‘The true random or error torque is so small 
(a small fraction of 1 dyne-cm) that it is difficult 
to measure, being obscured by larger error torques 
from other sources. 

A properly designed hydrodynamic bearing also 
has very low resilient (spring-rate) coercion, is in- 
sensitive to changes in load magnitude and direction, 
and will rigidly define an axis. Stiffness to moments 


is high: about 10* dyne-cm per microradian i, typical. 

In the best components, the total of the accelera- 
tion-independent torques has been reduced so that it 
does not set the level of instrument performance. 


Acceleration-dependent torques 


Acceleration-dependent torques constitute a more 
troublesome class. They are difficult to minimize 
since the masses involved are so large that even a 
tiny moment arm can cause an intolerable error. 
A 100-gm mass on a moment arm of 107 cm gives 
rise to a torque of 0.01 dyne-cm at 1 g. Yet 107 cm 
is only 10 Angstrom units (the wavelength of visible 
light is 4,000-7,000 Angstrom units). 

The problem is aggravated by the difficulty of 
detecting acceleration-dependent torques. Gyro 
scopes, for example, must be subjected to sustained 
and vibratory accelerations along various axes, while 
accurately keeping their input axes in a fixed rela- 
tion to the earth’s axis (to avoid spurious drift rates 
caused by picking up variable components of the 
earth’s angular velocity). The centrifuge, a con- 
venient device for producing multi-g acceleration 
along a rotating axis, is not totally satisfactory for 
testing gyros. The smallest misalignment will per- 
mit some component of the relatively enormous 
centrifuge spin velocity to appear as a spurious drift 
at the. gyroscope reference axis. 

The most obvious source of acceleration-depend- 
ent torque is mass unbalance due to permanent dis- 
placement of the sensitive-element mass center from 
the output axis. The accuracy of this balance de- 
pends mainly on the quality of the output-axis bear- 
ing and the rigidity of the structure. Proper manu- 
facturing procedures will yield a very low residual 
mass unbalance that is remarkably stable consider- 
ing the number of parts and diversity of materials 
that go to make up a gyro. Strict tolerances mean 
that not only material creep and joint slippage are 
important, but also differential thermal expansion 
across critical parts, and even the weight of minute 
foreign particles inside the supported element. 

A well-designed gyro is rigidly constructed of 
stable materials. At present, alloyed aluminum, for 
example stabilized 2024, is the most-used metal. 
Beryllium has recently found favor because of its 
low specific gravity (approximately 1.8) and because 
its thermal expansion coefficient is close to that of 
the iron and steel used in the motors and ball bear- 
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ings. The rigidity requirement applies to the pick- 
offs and torquers as well as to the structure of the 
rotor, gimbal, and output axis bearing. Where 
possible, one-piece construction is used. A high 
degree of symmetry about the output axis minimizes 
mass shift, not only from creep or shift, but also 
from thermal differences. 

\ more insidious source of acceleration-dependent 
disturbing torque is the unequal compliance of the 
sensitive element when accelerated in different 
directions. This is known as “anisoelasticity” 

Consider a gyroscope rotor mounted in ordinary 
radial ball bearings which have substantially greater 
compliance in thrust (along the spin axis) _ 
radially. These bearings might be thought of < 
diaphragm-like spring which supports the rotor mass 
relative to the gimbal, Figure 3. Acceleration along 
any of the principal axes causes no moment, but 
acceleration A along an intermediate axis will cause 
a moment MAr which, if the compliance is linear, 
varies as the product of the acceleration components 
along the two axes. Furthermore, the moment does 
not change sign if the acceleration reverses; vibra 
tory acceleration causes a rectified torque, hence a 
net drift rate. Since the effect varies as g-squared, it 
can be serious in multi-g environments. 

Since it is impossible to achieve absolute rigidity, 
the approach has been to design the bearings and 
other critical parts of the structure so that com 
pliance is equal in all directions. Then the in 
evitable mass deflection takes place in the same 
direction as the acceleration and no moment is pro 
duced. This construction is “isoelastic” 

For ball bearings isoelasticity can be achieved by 
maintaining a predetermined bearing contact angle— 
typically 35 deg, but depending to some extent on 
the type of bearing and its support. Gyro ball bear 
ing assembly is very critical. Not only is there a 
tight tolerance on the contact angle (which is a 
function of preload), but the likelihood of mass 
shift on change in temperature makes it impractical 
to fix one end of a gyroscope rotor shaft and let the 
other end float. “Ordinarily the angular-contact 
bearings are installed as one, or two, closely spaced 
pairs preloaded against each other. 

Ball bearings yield still another source of dis 
turbing torque which, while not acceleration depend 
ent itself, can give rise to effects that are accelera 
tion-dependent. This source is the mechanical noise 
(vibration) generated by the bearings in those in 
struments that use ball-bearing mounted rotors 
(gyroscopes and certain integrating accelerometers). 
This noise aggravates any tendency of the rotor or 
other parts of the structure to creep or displace. 
The gas-lubricated spin bearing, virtually vibration 
free, will remove this troublesome disturbance. 

In pendulum-type accelerometers—as distinguished 
from the true translational (slide-bearing) type— 
vibration resulting from torsional compliance of the 
acceleration-sensing element or servo can cause a 





rectification error torque effect analogous to that 
of anisoelasticity. Again this torque is caused by the 
center of mass of the pendulum not moving along 
the same line as the applied acceleration. 

Consider a vibratory acceleration A applied at an 
angle @ to the sensing axis of the instrument, F'ig- 
ure 4. ‘The compliance K of the servo restoring 
loop for the pendulum will allow the pendulum to 
deflect through some small angle a, and a rectified 
error torque will result that is a maximum when 
the vibration is applied at 45 deg to the sensing 
axis. This torque can be minimized by minimizing 
the effective torsional or servo compliance K at the 
predominant frequency (tightening the servo loop 

The last class of acceleration-depe ndent torques 
is associated with the liquid flotation medium in 
“wet-type” instruments. All ordinary nonaqueous 
flotation liquids have substantial thermal volumetric 
coefficients of expansion of about one part in 1,000 
per deg C. ‘This causes two types of errors: 

1. If a temperature differential exists across the 
floated gimbal, the liquid on the hot side will move 
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structure 


SCALE FACTOR ERRORS 


A gyroscope must often be precessed in space at 
some predetermined rate; for example, at latitude 


rate A to keep the gyro level when the craft changes 


latitude. ‘To do this a control torque L = AH must 
be applied. Angular momentum H is held to a con 
stant average value by using a synchronous drive 
motor, powered by a source referenced to the time 
integral of frequency. Short-period speed deviations 
from motor hunting and other sources are ordinarily 
not important. ‘Torque L is generated by a simple 
and accurate transducer consisting of a coil on the 
gimbal extending into the gap of a magnet on the 
case. ‘Torque linearity vs. applied current can be 
held to better than one part in 10,000. 

Before accelerometer scale factor 
errors, note that an inertial navigator accelerometer 


considering 


FIG. 4 


, 
imperfectivy constrain 


Rectificati 


way from the direction of applied acceleration and 
the resulting circulation will exert a 

on the float. In typical inertial gyrosco, 
of several dyne-cm at one g for a d 


1 deg C can be expected 


torque 


Thus there 

roblem of equalizing temperatures act the 
strument, especially in multi-g acceleration 

2. If the center of buoyancy of the float doe: 
not lie on the axis of support, a change in liquid 
temperature wi I] produce a moment Assume, fo1 
example, a one-liter float, formed as a cylinder, 
sphere, or other true figure of revolution 
of which lies 10~-* cm off the axis of support (gim 
bal axis If the liquid specific gravity is unity and 
its thermal volumetric coefficient of expansion on¢ 
part in 1,000 per deg change of one deg ( 
results in a one dyne-cm moment at one g. ‘This 
problem is so critical that even for one-g applica 
tions the float must be generated as an absolutely 
true figure of revolution about the support axis 


the cente1 


is usually required to give an output proportional 
to the first or second time integral of acceleration 
rather than to acceleration directly. Thus linearity 
of the integral term is the important point, and 
integrating accelerometers must be discussed. 
Nonintegrating accelerometers can be used, in 
conjunction with separate integrators. However, 
there is a gain in overall simplicity and reliability if 
the functions of sensing and integrating are com 
bined, at least one stage of integration being carried 
out directly by the instrument itself. A 
so-called integrating 


rdingly, 
accelerometers must be con 
sidered inertial systems. 

Various ingenious integrating accelerometers have 
been developed. Military security regulations limit 
the discussion to the inertia-rotor double-integrating 
accelerometer and the gyro-pendulum single-integrat 
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ing accelerometer. Both integrate by mechanizing 
Newton’s second law. 

In the double-integrating type a servomotor-driven 
inertia rotor is contained within the pendulous ele- 
ment. When subjected to a translational acceler 
ation, a pickoff detects the deflection of the pendu- 
lous element and the servomotor is energized to 
develop a reaction torque that restores the pendulum 
to null. Thus the translational acceleration acting 
on the pendulum is converted to an angular acceler- 
ation of the rotor. Rotor velocity and rotor displace- 
ment angle are proportional to the first and second 
time integrals of acceleration. 


MISALIGNMENT ERRORS 


In accelerometers using a pivoted pendulous cle 
ment, a departure from null by an angle a permits 
cross-coupling of acceleration A along a transverse 
axis (X-axis in Figure 4) equal to an amount Aa. 
This is quite independent of the torque-rectification 
effect described above, which is also a function of a. 
Cross-coupling can be a serious source of error in 
systems used in high-performance aircraft that are 
subjected to large acceleration components along 
all axes. A tight servo loop is the best cure. 

Somewhat analogous cross-coupling effects can 
take place in a set of gyroscopes when command 


Che single-integrating accelerometer—such as was 


used in the German V-2 missiles and is used today 
in a refined form in certain U.S. missiles—involves 
a small single-axis gyroscope in a rotatable gimbal. 
The gyroscope is unbalanced so that a torque and 
subsequent precession velocity are generated when 
it is subjected to a translational acceleration. ‘Thus 
the angle through which the gimbal rotates is pro 
portional to the first time integral of acceleration 

Both devices are inherently linear, being direct 
mechanizations of Newton’s second law. The po 
tential sources of error are those described for gyro 
scopes and accelerometers. 


torques are applied to cause predetermined variable 
space angular velocities—for example, earth rate 
components and latitude and longitude rates. ‘These 
effects cannot be made completely clear without 
presenting an extensive analysis, but briefly, unless 
the input (or equivalent reference) axes of a set 
of gyroscopes are accurately orthogonal (or at some 
known deviation from orthogonality), applied com 
mand torques will cause gyroscope precession com 
ponents about unintended axes, with a net result 
that is exactly equivalent to drift rates produced by 
stray torques. 
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Sensitive Current Devices 


with Silicon Diodes 


PERRY L. TOBACK, Hoftman 


Highly sensitive current devices such as meters 
and relays are basic components of virtually all 
control systems. But current and voltage surges 
may severely damage these devices, and it is nec 
essary to find some way to protect them. The 
forward characteristics of silicon diodes and the 
reverse characteristics of silicon zener diodes make 
these diodes suitable for the job. Properly used 
in simple circuits, they maintain instantaneous 
and conti:uous protection. This data file shows 
the circuits and details the degree of protection 
they offer. 

Figure 1 shows a typical volt-ampere charac 
teristic for a forward-biased type HMP-1 silicon 



































Q2 0.3 O04 
Forward voltage, volts 


Corp., Semiconductor Div. 


diode. The curve indicates that below 0.30 volt 
the forward current of the diode is in the order 
of tenths of a microamp. Below 0.30 volt, its 
shunting effect on a meter having a full-scale 
deflection of 100 microamp is in the order of 
tenths of a percent, much less than the inherent 
error in the meter itself 

Figure 2 is a typical volt-ampere characteristic 
curve for a reverse-biased 1N1313 (ZA8) silicon 
diode. This graph shows that the zener charac 


teristic can also be effectively utilized for pro 
tective shunting 
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What About Digital Transducers? 


Here are the answers to some what's and why’s about an important new 
trend in measurement techniques. The intention here is not to compare 
practical or available “digital transducers” on a physical basis, or even by 
input and output specifications, but rather to consider the functional re- 
quirements underlying all of them, and also to engender a more fundamental 
understanding of the advantages that can be gained from the use of digital 
transducers, as well as the problems and limitations that can be encountered. 


The article covers: 
What a digital transducer is 
Why use digital transducers 
How to specify them 
How to compare them 


E. J. KOMPASS, Control Engineering 


A transducer, in its broadest sense, is any device 
which can couple unlike systems, transferring en- 
ergy from one to the next and converting units. 
But it is generally more useful for the control engi- 
neer to consider that it transmits information, re- 
gardless of energy level. A digital transducer, then, 
is any coupling device that passes data along in some 
form of discrete code to some unlike system or 
subsystem. Note that this definition says nothing 
about the complexity of the transducer or the form 
of its input. 

The natural question is, “Why use a digital trans- 
ducer at all?” Why digitize a signal when it very 
likely represents some physical dimension or state 
that exists continuously in time or space? There are 
several good reasons, and they have evoked the grow- 
ing interest in digital transducers that prompted 
this article. 


Why digitize data? 

¢ The most important reason for digitizing data is 
that digital data can be stored for any length of time, 
transmitted over any distance and _ re-transmitted, 
and detected or read as many times as necessary with 
no loss in accuracy. Analog signals are distorted by 
each of these processes, and accuracy is lost. 

e Another reason is that certain digital yardsticks 
are available by which time and distance and velocity 
can be measured to much higher accuracies than by 
analog means. The use of these yardsticks leads 
naturally to digital sensing transducers. 

¢ A third reason often stated is that the output of 
a digital transducer can be made compatible with the 
inputs required by digital control computers ot 
data-logging or data-reduction equipment. This rea- 
son would make the choice of the type of transducer 
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depend on the previous choice of other equipment 
It follows from the first reason that if data is to be 
digitized at all, the digitizing should be done as neat 
as possible to the point of measurement 
primary sensing transducer itself, if possible. 
\ppreciation of the performance gains potential 
in digital systems must lead to the development and 
commercial availability of digital sensing transducers 
for every kind of measurement. Beginnings of this 
appreciation are now evident, but usually only in 
relatively complicated, expensive systems which can 
stand the development costs of tailoring available 
digital devices to fit into systems which still are, 
on the whole, conventionally analog. Continuous, 
real-time digitizing of control system signals is ap 
plied most easily today where maximum signal fre 
quencies are low—in the order of cycles per minute 
or a few cycles per second. This is because equip 
ment for sampling and digitizing at high rates is still 
costly and very complex. Certain important control 
system functions, on the other hand, are performed 
more accurately and at the same time more simply 
by digital devices—for example, the simulation of 
pure dead times of long duration. Digital techniques 
also make it easy to generate the intentional non 
linearities being used more and more to get better 
response from servomechanisms and controllers. 
Standardization of the forms of outputs of digital 
transducers must wait until enough experience has 
been gained from widespread use of the early com 
mercial models, and this lack of standardization will 
make the third reason for digitizing stated above less 
important than the others, at least for a while. 


within the 


Pulses are not always digital 


To partake of all the advantages cited above, a sig- 
nal must be truly digital. For example, whether or 
not a transducer which produces a train of pulses is 





truly digital depends on its application. A toothed 
wheel on a shaft can produce pulses from a contact o1 
magnetic pickup that represent discrete increments 
of shaft revolution, see Figure 1. But the output of 
the pickup is not digital if the device is used to 
measure shaft speed, i.e., as a tachometer. The output 
is in pulse form, all right, but the measured variable 
is represented by the frequency of the pulses, and fre 
quency is an analog quantity. 

As a position sensor or revolutions counter, how 
ever, the toothed wheel is truly digital. The position 
of the shaft or number of revolutions (measured to 
the fraction of a revolution represented by the num 
ber of teeth on the wheel) is determined by the 
number of pulses past some reference point. This 
signal can be distorted only by completely missing 
one or more pulses. Subtle distortions are not pos 
sible. 

This brings us to an appreciation of pulse-type 
(on-off, two-state, binary) signal transmission tech 
niques in general. Such signals exhibit a radical 
improvement in detectability in the presence of wide 
band noise of Gaussian amplitude distribution when 
the signal power reaches 20 db over the average noise 
power in the band (Ref. 1). For very small increases 
in power above this 20-db level, loss of a pulse o1 
false detection of noise as a pulse becomes extremely) 
unlikely, see Figure 2. With careful circuit design, 
pulse detection can be made more reliable than the 
equipment itself, so that when a pulse is finally 
missed, it will be due to a component failure and 
not to the signal-to-noise characteristics of detection 

Transducers which produce a series of pulses like 
the toothed wheel require a counter of some kind to 
accumulate their outputs. As a tachometer, the out 
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put pulses must be counted over a precis¢ 
val; then, the whole combination of 
base generator, and toothed wheel ma\ 
ered a digital transducer of shaft speed 
Counting can be done by two-state ele1 
as relavs or magnetic cores, by storing ea 
ing pulse in a separate element, in whicl 
position of the last element represents the fin lly 
But this is wasteful of equipment even for smal! num 
bers, and is impractical for large number hus, 
counters usually interconnect binary 
produce some coding of the number which 1s the 
output (Ref. 2), see Figures 3 and 4. There are 
other reasons for coding digital signals besides equip 


elements to 


ment economy, however. 


Reasons for coding 


All pulsed-data transmission systems trade time fot 
bandwidth, and signal-to-noise ratio is intimately as 
sociated with the time-bandwidth product. Previous 
to coding, data pulses are usually counted in se 
quence, over an interval that may be defined by 
bracketing or synchronizing pulses. ‘These bracketing 
pulses are transmitted also, either in another channel, 
or in the same channel as the data pulses but dis 
tinguishable from them. Although the bracket pulses 
may be a function of position rather than time, nearly 
every system puts a maximum limit on the time be 
tween bracket pulses. Therefore, to increase th 
amount (or precision) of data transmitted between 
bracket pulses, either the time between brackets 
must be increased, or if this is limited, the bandwidth 
of the channel must be increased to accommodate a 
higher pulse rate. As bandwidth (or time) is in 
creased, however, the system is made vulnerable to 
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new sources of disturbance, and the signal-to-noise 
ratio is reduced. 

Coding reduces the time-bandwidth product re- 
quired to transmit a signal of any given precision, and 
thereby improves the signal- to-noise ratio. For ex- 
ample, to transmit a signal with a precision of | part 
in 1,000, a pulse count system requires 1,000 pulses 
per frame (between bracket pulses), while the same 
signal can be transmitted in straight binary code form 
by only 10 pulses per frame (2° — 1,024). 

Besides this, coded data can be made even less 
vulnerable to noise, as well as protected against 
“drop-out” of data pulses due to dynamic malfunc- 
tion of equipment (such as holes in magnetic tapes), 
by the simple addition of a “parity bit”. A parity 
bit is an extra binary digit computed and added at 
the end of the coded number to make the total num- 
ber of 1’s in each frame always even or always odd. 

Pulse count systems are normally serial; i.e., 
pulses are counted sequentially. Coded digital sig- 
nals can be either serial or parallel. Serial sy stems use 
less transmission equipment, since all data is carried 
by a single channel, but bandwidth requirements can 
make the equipment expensive for high informa- 
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FIG. 5. Geiger-Muller tube taken with a timed counter 
can be considered a digital transducer with digital input. 


tion rates. Parallel systems use a separate (narrower- 
band) channel for each code bit and are more ex- 
pensive for low information rates. The choice very 
often depends on the characteristics of associated 
equipment, however. 


The nature of input data 


It is next necessary to examine the form of the 
input data before the job of digital transducers is 
defined. Before the ordinary physical considera- 
tions of whether the input data is heat or light or 
motion is the more basic one of whether the data 
is continuous (vs. time or any other parameter) or 
discontinuous; i.e., whether it is analog or digital. 

Considering what appears to be the simpler case 
first, it can be seen that even if the input to a digital 
transducer is in digital form, some kind of code 
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FIG. 6. Functons which must be performed by 
analog-to-digital transducers. Note that each 
function may be done permanently when the 
transducer is manufactured, or each time it is r 


conversion is still likely to be needed in the trans- 
ducer. This is because natural inputs, even where 
they do exist in the form of discrete step changes, 
are never in binary or binary-coded-decimal form. 

If the data is already digital, of course, use should 
be made of this fact, and a transduction mechanism 
used which does nothing but perform the required 
code translation. For example, nuclear radiation 
flux density can be measured as the number of 
particles per second passing through a unit area. 
Since a Geiger-Muller tube can be made to produce 
a pulse for each particle passing through it, its out- 
put is a digital pulse-count representation of radia- 
tion flux density when accumulated over | sec, as 
in Figure 5. Note that the Geiger-Muller tube needs 
an accumulator to make its output useful just as the 
toothed-wheel of Figure 1 did. 

There has been considerable implication lately 
that similar use might be made of the basically 
digital nature of many of the physical variables that 
are now measured by analog transducers. For ex 
ample, pressure is rigorously described as the rate 
of occurrence of collisions between molecules of a 
material per unit volume. A digital measure of the 
pressure of a gas should therefore be possible by 
counting the number of collisions per unit time of 
the gas molecules with the surface of a transducer 
immersed in the gas. 

In such a transducer, it would be necessary to note 





each individual impingement of a gas molecule to 
maintain the validity of the digital measurement. 
Quite aside from the difficulties of making a trans 
ducer sensitive to such small energies, the technique 
is made useless by its gross inefficiency. A counter 
with a greatly excessive number of stages would be 
necessary. Such precisions, even if possible, are in 
consistent with engineering requirements. 

here are possibly other variables, however, which 
exhibit digital characteristics at a more usable level. 
One is the step-by-step manner by which ferromag- 
netic materials change their degree of magnetization 
(the Barkhausen effect). This effect is “detectable 
since it is due to the reorientation by field forces 
of finite-sized magnetic domains. 

In general, it is probable that the digital charac 
teristics of materials due to mechanisms at the 
molecular or even the granular level of materials 
will not prove rewarding as a way to simplified trans 
ducers with digital output. 


Analog-input digital transducers 

The majority of “digital transducers” will have 
analog input to a standard analog transducer, fol- 
lowed by an analog-to-digital converter (Ref. 3) and 
coder. Presently ” practical digital transducers are 
therefore closely linked to the analog-to-digital con- 
version techniques which are available. 

Figure 6 shows the functions which must be 
performed by an analog-input digital transducer (an 
analog-to-digital converter may be considered a 
digital transducer if the variable to be measured is 
already in the analog form which the converter 
accepts). Note that it is possible to avoid doing 
each of these functions every time the transducer 
is read out, as inferred by the dashed boxes. The 
only example of complete bypassing of all the func 
tions (except read) is the shaft-position encoder, an 
example of which is shown in Figure 7 


FIG. 7. The shaft position encoder is the most efficient of 


"Og 
ill digital transducers. All functions except read are permanent 


rhe shaft position encoder has its digital scale di 
rectly attached to the shaft, permanently ref renced 
Fixing the position of the readout 


brushes makes the comparison permanent 


ind encoded. 
It is only 
necessary to close the brush circuits (this is also done 
with photocells ) 
the analog shaft position (Ref. 3). ‘The 
tion encoder is thus a very efficient digital transduce 
Linear scale transducers are available which have 
the same basic advantages of the shaft position en 
(Ref. 4). A typical linear position encoder is 
shown in Figure 8. These devices have been designed 
to digitize translational motion directly, avoiding the 
very precise gearing which would be needed to meas 
ure linear motion with a shaft position transducer 
Anv scale must be referenced to the 
time it is read. This referencing may not be per 
manent. With the toothed wheel referencing can 
be reduced to once per revolution if the accumulator 
contents are not destroved by readout, i.e., if the 
counter retains the total count since the last refer 
ence no matter how many times it is read out. Note 
that if the input shaft position can change 
direction, polarity sensitive logic must determine 
whether the counter adds or subtracts the input 
pulses. Logic circuits for polarity or direction sens 
ing are here considered part of scale-referencing 
I'he toothed wheel has a permanent scale, but 
unlike the disc encoder its scale must be referenced 
to the shaft by auxiliary equipment. Some digital 
transducers, on the other hand, must actually gen 
erate the scale itself each time the transducer is read 
\ good example is the comparator type of voltage 
encoder, which is a digital transducer of voltage 
In Figure 9, a linearly rising voltage of step form 
is generated by adding up the energies in each suc 
ceeding pulse from a master timing oscillator. This 
staircase voltage is compared to the input voltage to 
be coded, while a counter counts the pulses produc 


to get a coded representation of 
shaft-posi 


coders 


input each 


in either 





ee Sor. 


FIG. 8. A—Linear digital scale with straight binary code 
B—Special reader for scale in A eliminates 

change points. 
C—Gray-coded scale 
sents code translation problems 
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FIG. 9. Voltage comparison encoder of “‘staircase”’ 
type generates digital scale each time it is read 


ing the staircase. At the first pulse for which the 
staircase voltage exceeds the input, the comparison 
circuit produces a stop signal and the counter con- 
tains a coded-digital representation of the input volt- 
age. ‘The counter and staircase generator must be 
reset to zero before this circuit can be read again. 

Note that this technique effectively converts the 
voltage input to a time interval, which is then meas 
ured by counting the number of pulses (cycles) of 
the precisely known oscillator frequency which it 
contains. In spite of the extreme precisions with 
which pulse frequencies can be generated (crystals 
are available with resonant frequencies accurate to 
one part in a billion), this type of converter is 
limited by the linearity of the staircase generator and 
the sensitivity of the comparison circuit. Practical 
accuracies for such converters run up to about 0.1 
percent (3 decimal digits or 10 binary places). ‘This 
seemingly low accuracy is offset by the high sam- 
pling rates permissible. Using a 5-megacycle oscilla- 
tor frequency, the input can be sampled up to 100,- 
000 times per sec with 0.1 percent accuracy. 

Other voltage encoders use a fixed digital-to-analog 
scale such as a series of very accurate voltages in 
power-of-2 increments that can be added to approxi- 
mate any analog input voltage. A number in the 
output counter closes circuits to sum the correspond- 
ing digital voltages and this sum is compared with 
the input. If the output is larger than the input 
the number in the output counter is reduced one 
count (or vice versa) and compared again. 

A third technique compares the input to the largest 
voltage source first, and if it is larger than the input, 
turns it off and tries the second largest. If the 
largest voltage is smaller than the input, the next 
larger voltage is added to the first and the sum 
compared with the input; etc. The result is the cor- 
rect selection of voltage sources to most nearly match 
the input voltage, and a reading of voltage sources 
that are “on” yields the digital ‘code for the input. 
One part in a thousand decimal accuracy can be had 
at sampling rates up to 50 kc. 

Note that the measurement reference for the two 
voltage encoders just described is fixed permanently 
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at the signal ground potential, but the digital scale 
must be. generated each time in the case of the 
“staircase” encoder. 

Available analog-to-digital converters measure only 
mechanical position (mostly angular, some linear), 
voltage, or frequency | by counting over an accutli ite 
time interval), and kee input variables must gen 
erally be converted to one of these forms. To il 
lustrate how analog transducers can be used with 
available converters to form rather complex “digital 
transducers” consider the problem of digitizing a 
variable pressure. 

Small pressures can be digitized by using a servo 
to position a disc encoder according to the motion 
of a bellows-actuated differential transformer. Larget 
pressures might use a bourdon tube to position the 
encoder disc. directly. Another way, found useful 
over a very wide range of pressures, uses a vibrating 
wire transducer (in which the pressure changes the 
tension and hence the natural frequency of the wire 
in combination with a frequency counter-encoder. 
Other oscillators can also be made frequency-sen 
sitive to pressure changes, but the problems are 
frequency stability and sensitivity to other variables 
such as temperature. 


Limitations on accuracy 


The accuracy limitations o all three “digital 
pressure transducers” just described would be in the 
order of 0.1 percent of full scale. Disc encoders are 
available that use multiple discs and gearings to get 
accurate coding of the input shaft position to one 
part in 524,288 (2'*). But it is impracticable to 
position the input shaft as a function of another 
variable to much better than three accurate decimal 
places, or 0.1 percent. 

The multiple-disc encoders are used in reverse; i.e., 
the measured variable is entered at the high-speed 
end and the smallest division equated with a fixed 
maximum allowable error in the measurement. For 
example, the high-speed end might be geared to ~ 
work table of a milling machine such that 0.0001 1 
of table motion is equal to the smallest division of 
the high-speed disc. The table position could then 
be read to 0.0001 in. plus or minus half a quanta 
(plus or minus 0.00005 in.) anywhere within a total 
travel of 52.4288 in. This assumes, of course, that 
the measurement is always made from the same 
direction to eliminate backlash in gearing, and that 
the entire machine is carefully stabilized at a spe 
cified temperature. 

In general, it is practical to read single-disc shaft 
encoders to 10 or 11 bits with certainty, ‘and possible, 
but very difficult, to read them to 13 bits. ‘These 
limitations are due to play and eccentricity in the 
disc bearings and to nulling errors due to friction 
if the disc is servoed to another variable, as well as 
due to the mechanical or optical problems of re 
solving the tiny code zones if the discs are kept 
reasonably small. 





Frequency (hence, time) can be encoded with 
very great accuracy, but any transducer which pro- 
duces a frequency proportional to another variable 
limits the accuracy of measurement of that variable 
by its own nonlinearity. 

[he maximum sampling frequency is another 
important characteristic of the digital transducer 
I'he frequency at which disc encoders can be read 
varies considerably, depending on their design. Some 
disc encoders, for example, use a code which can give 
ambiguous readings at the code boundaries, or which 
could be damaged by reading while the disc is mov 
ing, and these generally require that the disc be 
stopped in a detent before it can be read. Such 
encoders are limited to 10 readings per sec. 

Other (mechanical readout) encoders remove the 
brushes from continuous contact with the disc be 
tween readings to reduce friction and improve the 
accuracy of positioning, and these then require that 
the brushes be moved into contact with the disc at 
Such designs may raise the limit to 
20 samples per sec or more. 


each reading 


When the brushes are in continuous contact with 
the disc, or when photo-cells are used to read an 
optically-coded disc, the reading speeds are limited 
only by electronic circuitry. In such cases, the speed 
at which samples should be taken depends on the 
system in which the encoder is used. 

Sampling theory states that, to reproduce exactly 
a varying input signal, the signal must be sampled at 
a frequency that is at least twice that of the high 
est frequency present in the input to the sampler 

encoder in this case). Note that it does not say 
twice the highest frequency of interest in the input, 
but twice the highest frequency present in the input 
If the higher input frequencies are not significant, ot 
if available encoders cannot sample fast enough for 
the higher input frequencies, they must be removed 
by filtering prior to sampling; else the output sig 
nal may be incorrect. Note that the high-frequency 
response characteristics of a servo which positions 
a disc may act to filter higher frequencies present at 
the servo input. Sampling theory has been discussed 
in considerable detail by D. 'T. Ross of MIT (Ref. 
>). In reproducing the signal from the samples, the 
difficulties of designing low-pass filters good enough 
to sufficiently attenuate the sampling frequency 
without reducing the amplitude of the higher fre 
quency components of the signal generally require 
that practical sampling frequencies be five to ten 
times the highest frequency present in the signal. 


Comparing digital transducers 

Once it is decided that its basic advantage of com 
plete preservation of measurement precision in all 
subsequent signal handling justifies using a digital 
transducer in a particular application, the next prob 
lem is selecting the best one for the job. The basi: 
requirements for selecting any kind of transducer 
apply here, too. ‘The transducer must: 


© Accept tne input to be measured, and 
e Produce an output of the proper form 
case, in the desired code). Further, its output must 
© Be accurate enough (have a sufficient 
realistic code bits), and 


in this 
number of 


@ Be available as often as needed; i.e., the maxi 
mum sampling rate must be high enough 

hese last two requirements involve the errors duc 
to quantization and sampling. 

Once the field of available digital transducers (in 
cluding analog transducer-converter 
has been reduced to the few that are usable from 
these considerations they can be compared to Figure 


combinations 


6 to determine their relative efficiency of operation 
Che transducer with the least number of active func 
tions can be considered the best of those that satisfy 
all the other requirements, since each active function 
must add inaccuracy and reduce reliability Ihe 
ymount by which each function affects a 
reliability varies greatly with the manner 
the function is performed 

lhe most important reason for using the digital 


na 
uracy ald 


which 


transducer is the relative immunity of digital sig 
nals to distortion by noise and nonlinearities, and 
this applies inside the transducer, too. W hen not per 
manent, the conversion, referencing, and comparison 
and the 

ale generating and coding functions are pulse-count 
digital. Under the usual conditions, 10-bit 


digital signals (0.1 percent accurate) are over 


functions in Figure 6 are basically analog 


coded 
20 db 
less susceptible to “noise” than are pulse-count digi 
tal signals, and 60-70 db better than analog signals 
And, in 


proves as code bits are added to increase precision 


a coded system, signal-to-noise ratio im 

he conversion, referencing, and comparison func 
tions thus would possibly increase the susceptibility 
of the transducer to distortion by noise by a factor 
of 1,000 each; and the scale generation and coding 
functions by 10 each. Actually, these factors can be 
effectively negated by providing sufficient 
power at each active stage to override circuit noise 
But it is well to keep in mind the price that must 
be paid when digital techniques are not used 


signal 


inside 
the transducer and inside the system 
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Chemical Kinetics and the 
Dynamics of Chemical Reactors 


Automatic control of chemical reactors is probably the most critical con- 
trol problem facing the chemical industry today. And it is a major one 


also for the petrochemical and petroleum industries. 


Investigation pro- 


grams now under way in several companies are pointing up two important 
facts: reactor control must be analyzed theoretically, not experimentally, 
and the resulting complicated equations have to be solved on a computer. 

The author relates chemical kinetics and reactor dynamics to automatic 


control by describing: 


> fundamentals governing a chemical reaction, 


* 


common reaction vessels and their dynamics, and 


> ways to achieve the best combination of reactor and control system, 
and best ultimate yield from the chemical reaction. 


THEODORE J. WILLIAMS, Monsanto Chemical Co. 


The general equation of a typical chemical re- 

action is: 

nB +mC—>rD (1 
where B, C, and D represent different chemical 
species, and n, m, and r are the number of molecules 
of each involved in the reaction. Thus n molecules 
of compound B simultaneously collide and react 
with m molecules of compound C to form r mole- 
cules of compound D. The formation rate of com- 
ponent D can be written as 

dD/dt = (B)* (C)™ (2) 
where (B) and (C) are concentrations of compo- 
nents B and C. 

To prove this, consider this simple binary chemi 
cal reaction: 

B+C—D. (3) 

Reaction is brought on by the collision of one mole- 

cule of B with one of C; thus, Equation 3 results in: 

dD/dt = (B) (C) (4) 

However, doubling the number of molecules of B 

in a given volume doubles the number of collisions, 

and thus the rate. And since similar considerations 

also apply to component C, doubling both quad- 
ruples the rate. 

To remove the proportionality in E quation 2, the 
right side is multiplied by a reaction coefficient or 
reaction rate constant k: 

dD/dt = k(B)" (C)™ (5) 

Chemical reactions are usually classified according 
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to their order, which is defined as the sum of the 
exponents on the reactant concentrations. The 
order of reaction Equation 1 is (m + nm). Thus: 

Order (0) = (m + n) 6 
The values of m and n, hence the order, are nearly 
always quite small for commercially important 
chemical reactions, and the number of product mole 
cules r is usually unity or at most two 


Heat affects chemical reaction 


Two heat functions, heat of reaction and activa 
tion energy, are important in the study of reaction 
kinetics and dynamics of chemical reaction vessels. 
Heat of reaction is chemical energy converted to 
sensible heat during the reaction. When heat is 
given off by the reacting materials the reaction is 
exothermic, and is denoted by a negative sign. 
When heat is taken up, the reaction is endothenmic 
and has a positive sign. 

The reaction coefficient k is an exponential func 
tion of temperature. It can often be written as 

k = Ae~®/8T or (7) 

Ink =InA — E/RT (8 

Therefore, a graph of k versus 1/T on semilogarith 

mic paper (Figure 1, solid line) is a straight line 
with a slope —E/R and an intercept A. 

The quantity E is activation energy, the minimum 
energy the molecules of reactants must have on 
collision to assure reaction; it is positive regardless 
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SYMBOL 


mstant in correlation of rez 

hemical reactant species 

hemical product species 

Activation energy 

Flow rate of liquid streams 

Constant of proportional valve 

Heat of reaction 

Backmixing factor or proportional 

Heat energy manifested as sensibl 
Thermodynamic gas constant; as sul 
refers to reaction mass 

As subscript, refers to heat storage syste 
l'emperature—must be deg absolute 
eaction rate constant; otherwise deg C 
as subscript, refers to total quantity 
Reactor volume 

Weight of metal parts of reactor; subscript defines 
specific parts; as subscript, refers to heat exchanger wall 
Displacement of valve stem 

Area; as subscript, refers to temperatur 


e sampler 
As subscript, 


refers to temperature controller 
As subscript, refers to coolant flow 

Base of the Naperian logarithm 

Function of variable such as f (B); dam 

As subscript, refers to valve diaphrag 

Heat transfer coefficient 

An individual reaction of a group 

Number of reactor stages 

Reaction rate constant or react 

Valve spring constant 

Length 

Number of moles of a reactant taking part in a reaction 
Order of a chemical reaction; as subscript 
refers to reactor output values 

Differential operator (d/dt) 

Number of moles of reaction product 

As subscript, refers to sampler 

Time 

Velocity 

Incloses symbol of chemical species to indicate composition 
Density, g per cc or Ib per cu ft 

Heat capacity 

Time constant 

Error as e(D) or ¢(T 


Pneumatic pressure 














of the heat-of-reaction sign, meaning that 

always be supplied to start the reaction 

shows the usual representation of the 

energy for exothermic and endothermic reactions 
The dimensions of k are specified that the 

reaction rate (as defined by Equation 5) can be 

determined in terms of some unit volume. F 

example, dD/dt may be in terms of grams per cc 

per min. If concentrations (C) 

pressed as unit volumes, then the 

k are: 


and (B) are 


1 


k = [(time) (concentration units 
where o is the reaction order. 
If the values of E and A were known, 

retical determinations of the corresponding values 
of k would be simple indeed. However, because of 
limited present knowledge of molecular actions, it 
is impossible to predict these quantities. The actual 
values of k must therefore be determined 
mentally for at least two, and preferably 
more, different temperatures. Figure 3 give 
cal reaction curve for the reaction stated by 
tion 3, where m=! and n=l. 


experi 
three o1 


i typ! 


Equa 
And Equation 10 


provides two wavs of calculating k: 


D; 


[‘@c 


e/ 


or 


1. The formation rate of D, dD/dt, is the tangent 
to the D curve at time t. The values of (B) and 
(C) must be taken at the point t also. Dividing 
the tangent by the product of the concentration 
gives k at time t. 

2. When Equation 3 is the 


correct reaction 
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mechanism taking place, the second form ot the 
above equation will give a more accurate k value. 
However, if there is some question as to the accu- 
racy of the assumed mechanism, the first calcula- 
tion method is better since a regular variation in 
the resulting values of k as the reaction proceeds 
will indicate the necessity for developing a new 
reaction mechanism. 


Catalysts and their effects 


Most reactions conducted in petroleum refineries 
and petrochemical and organic chemical manufac- 
turing plants are influenced by a catalyst. This 
influence may promote or inhibit a specific chemical 
reaction, depending on the reaction and the catalytic 
material involved in each case. Catalysts are im- 
portant here because of the way they affect reaction 
rate and heat functions. A promoting catalyst has 
no effect on the value of the process heat of reac- 
tion AH. However, it will generally increase the 
value of A and decrease the required value of acti- 
vation energy E, and do so specifically. That is, it 
will activate only one of a series of simultaneous 
reactions or all of them, depending upon its own 
particular nature. The effect of a promoting cata- 
lyst on k is thus generally that shown by the dashed 
line in Figure 1. E* is the activation energy in 
the presence of catalyst. 

Several points must be kept in mind concerning 
catalysts when controlling processes and investigat- 
ing reactor dynamics: catalysts are subject to poison- 
ing by other substances which in minute quantities 
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FIG. 4. Reaction rate coefficients for 
simultaneous reactions show that the reaction 
operating temperature drastically affects 

the relationship between the coefficients. 
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nullify or even reverse the catalyst’s activating effect; 
they decrease in activity with time; they are often 
sensitive to environment (particularly the reaction 
ambient temperature); and they may be either ho 
mogeneous (soluble) or heterogeneous (insoluble) 
in the reactant mass. The latter are slurried into 
the reactant liquids or are placed into packed beds 
through which these liquids flow. 

The homogeneous or slurried heterogeneous cata 
lyst affects the dynamics of the reactor only insofar 
as k is concerned. But a solid heterogeneous catalyst 
system, with its solid particles, may alter the reactant 
flow to make the analysis entirely unlike the corre 
sponding unimpeded case. 


Successive and simultaneous reactions 


So far, processes in which there is only one chem- 
ical reaction, and thus only one heat of reaction and 
one set of reaction coefficient values, have been 
considered. But there is a large percentage of eco 
nomically important chemical processes that 
of simultaneous group reactions; and_ here 
amount of desired product depends on the 
rate of the desired reaction to that of the others 
In other cases the reactions are successive, anc 
overall final production rate depends on the 
of the slowest reaction of the series. In still others, 
the reactions involved may be a combination of the 
first two types. 

As an example of simultaneous reactions, 
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the 
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FIGS. 5 and 6. Course of simultaneous reaction of Equat 
with k values taken at temperature T; and T: of Figure 4 





When the reactions start with equal amounts of 
reacting components B, C, and J, the actual amounts 
of products D and L depend on the relative k values 
for each reaction: 


dD/dt k 
dL dt k 


i (B 
(f 


) (J) (12) 


Figure + defines typical k values. At low tempera- 
tures (T,), k, is less than ke, while at higher tem- 
peratures (T2) the opposite is true. The different 
rates are reflected in the resulting products of a 
reaction of equal parts of B, C, and J, as shown in 
Figures 5 and 6. Figure 6 also reflects the overall 
faster reaction rate at higher temperature. In this 
simple case the reaction should be run at the lowest 
or highest practical temperature, depending on 
whether L or D is the desired major product. 

lhe following simple pair: 


B+C—-D 
D+N—>P 











serves as an example of successive chemical 
A graph of the resulting compositions 
process of this type is given in Figure 7 
sired product is component D, the oj 
stop the reaction when the concentratior 
highest, in contrast to the simultane: 
process, where the reactions go to compl 
temperature 1s the most important vari 


BASIC CHEMICAL REACTOR TYPES AND THEIR DYNAMICS 


here are several basic tvpes of chemical reactors 
in use today; when classified according to their dy 
namic type, they are found to be: the batch reactor, 
the single continuous stirred tank reactor, a series 
of continuous stirred tank reactors, and the tubula 
or pipe reactor. 


Batch reactors 


A given amount of each reactant is placed in the 
batch reactor prior to initiation of any reaction. 
During the reaction, the reactor is taken through 
some specified cycle of operation, and upon reaction 
completion the product materials are removed, the 
reactor is cleaned, and the complete procedure is 
repeated. 

A major problem in batch reactor operation is 
determining the optimum temperature vs. time 
cycle to yield maximum desired product and mini- 
mum undesired byproducts. ‘The temperature-time 
cycle is best worked out in a complex case by a 
successive trial and error solution (on a computer) 
of the differential equations defining the kinetic and 
dynamic relationships involved. Automatically con 
trolling the reactor then becomes a problem of so 
controlling heat energy addition or removal that this 
optimum cycle is adhered to as closely as possible. 

Figure 8 diagrams those functions that must be 
accounted for in writing the set of differential equa 
tions specifying the reactor’s dynamics and its auto- 
matic control. These equations, derived below, ac- 
company the assumptions of Table I. Any failure 
of applicability in these assumptions greatly com- 
plicates analysis. 

Any set of simultaneous equations describing a 
reaction system includes one composition-change 
equation for each separate chemical species utilized 
or formed in the chemical reactions comprising the 


process. Ihese equations will be similar t 
5. Other equations correspond to ea 
chemical - reaction, and 


changes arising from the process ‘heats 


define the sei 


Since concentrations are given as weigh 

units per unit volume of reactor, the 

gain to the complete reactor system for ea 

equation can be expressed in the form 

y 2) an 
at 

where D is the product formed by the reaction 
Here, AH is the change in internal energy during 
the reaction for each weight or molar unit of product 
formed. The sign is negative to compensate for the 


sign convention of AH. ‘Therefore 


aQr 


dt 


accounts for the heat produced by all rea ns tak 
ing place at one time. The resulting heat gain o 
has the potential of changing temperature 
amount: 

dT 

dt 


However, as Figure 8 shows, there is 


TABLE I COMMON ASSUMPTIONS MADI 
IN CHEMICAL REACTOR DYNAMIC ANALYSES 


1. Batch and continuous stirred tank reactors are perfectly 
mixed: there are no temperature or concentration gradients. 
2. The heat transfer coefficient between reacting materials 
and heat exchanger or heat storage walls is a constant. So is 
the coefiicient between heat exchanger walls and heat ex- 
changer fluid. : 

3. Temperatures of the heat exchanger wall and of the heat 
storage metal parts are uniform, although not necessarily equal. 


4. There is no volume or density change on rea ’ 
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interchange with the energy storage system and with 
the heat exchange system. Therefore, Equation 16 
must be modified accordingly: 

+F .cp( T..— Tein) 


dQr_., dTz,,  aTs dT w 
“a Vawter thee 


oat lt ia vin 
(17) 
I II III IV 
Here I represents energy manifested as a tempera- 
ture change in the reaction mass; II represents en- 
ergy appearing as a temperature change in all of the 
heat storage parts of the reactor except the wall of 
the heat exchanger; III is energy storage in the heat 
exchanger wall; and IV is energy transferred to or 
from the heat exchange medium. The fact that items 
II, III, IV are rate limited by the basic laws of heat 
transfer add complexity: 


dQs 
- = h Ras (Tr “= T's) 
d Ts “ ras (Tr + T's) 
W scp 
ee } ROW (Tr oom T w) 
W wep 


ee Tein =haw (Tw — Te, 


haw T w 


+ (Fey; 


(21) 





(F.cp) + (haw) 

The term ag represents the total area of reactor sur- 
face, including such things as stirrers, sampling tubes, 
and covers—but less that area aw directly associated 
with the heat exchange system. 

The heat transfer coefficient h is in appropriate 


8. System diagram for batch or tubular reactor 
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9. Typical temperature vs. time cycle for a batch 1 


units: 
F-hr. 

The objective in batch reactor control is to make 
the reaction mass temperature follow as closely as 
possible some optimum temperature-time profile 
This is done by varying the flow rate of a heating 
or cooling medium (or both) in the heat exchanger 
jackets during the reaction. A three-hour temperature 
time cycle like the one in Figure 9 determines the 
set-point of the reactor controller; the heat exchange 
surfaces then must provide the required heat trans 
fer rates and the heat storage parts must not caus 
narmful overshooting of temperature limits 


cal per sq cm-deg C-sec or Btu per sq ft-deg 


Continuous stirred tank reactors 


Che high price paid in time and labor in charging 
and emptying each cycle make the batch reacto1 
expensive to operate. The continuous stirred tank 
reactor was conceived in an effort to eliminate such 
costs and thus lower the total production cost of 
chemical materials. Such reactors, Figure 10, can be 
used singly or in series. 

The continuous stirred reactor has one complex 
ity—the continuous mixing of fresh reactant mate 
rials into the reactant mass—that the batch reactot 
does not have. This completely changes the type of 
control needed. Instead of controlling the tempera- 
ture profile with time, the continuous stirred tank 
reactor is brought up to and controlled at that unique 
temperature providing the optimum in economy for 
the process involved. 

The best way to derive equations defining the con 
centration of various chemical species in this reactor 
type is to make a material balance of the amount of 
each chemical species entering or leaving the reactor 
and taking part in a chemical reaction within it. 
Material balance equations are of the type: 

d(B) _ Fa 


dt as “Vp (B)in =" 


r (B), — kf (B) (22) 
Vp 


which sums the gains and losses of component B 
with time. One such equation must be written for 





each reactant and each product in the reaction proc 
ess. 

The generation and transfer of heat in this reactor 
is represented in the same way as it is in the batch 
reactor, except that the following term is added to 
Equation 17 to account for the difference in sensible 
heat of the input reactant streams and the output 
product stream: 

Fe, (Tr — Tin (23 

A series of continuous stirred reactors will counter 
act the degradation of yield resulting from using onc 
such reaction vessel in which the reactants will not 
be able to stay long enough to complete the reaction. 
Theoretically, an infinite number of continuous re 
actors achieves the maximum vield possible with a 
batch reactor; however, in actual practice four o1 
five will give nearly the same results. 

Determining the behavior of a reactor series 
amounts to duplicating each of the equations re 
quired for the single reactor, for each reactor in 
series, and then solving the whole group simultane- 
ously. This analysis increases in difficulty as the 
number of reactors and reaction complexity in 
creases, and demands an extensive computer facility 
to carry out the solution. 


Tubular reactors 


By means of its continuous operation, the tubular 
or pipe) reactor, Figure 11, can prevent a reduction 

in yield resulting from, say, an unwanted byproduct 
formed by a secondary reaction between the main 
product and an original reactant. When the react- 
ants flow through a long, very narrow pipe at a 
velocity sufficient to cause turbulence (at least 0.5 
ft per sec), complete lateral mixing occurs with 
little or no longitudinal mixing. Such a flow is known 
as plug flow. : 

Che perfect tubular reactor has a direct relation 
ship between time and length along the reactor for a 
given flow velocity. Its system diagram, Figure 8, is 
the same as that for a batch reactor. For a particular 
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FIG. 12. A five-section heat exchanger arrangement for the perfect tubular 
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file, unobtainable by any practical means, can be 
approximated by making the reactor tube the inner 
one of a concentric-tube heat exchanger and then 
dividing the shell side into sections, Figure 12, each 
having a separately controlled temperature. Figure 13 
graphs the desired temperature-length profile, the 
shell side temperature pattern, and the resulting 
actual temperature-length profile. 

Note that a much shorter reaction period is indi- 
cated in Figure 13 than for the similar batch reac- 
tion of Figure 9. This brings out the chief drawback 
of the perfect tubular reactor: since the turbulent 
flow required for mixing necessitates a velocity of at 
least 0.5 ft per sec, a slow reaction will demand an 
enormously long pipe. And unfortunately, most or- 
ganic chemical reactions are generally quite slow. 


Imperfect tubular reactors and backmixing 


If economics or practicality prohibits a sufficient); 
long tubular reactor, it may be approximated by a 
shorter, larger diameter tube equipped with internal 
mechanical or high-velocity gas mixing. There is this 
drawback to such an arrangement: it causes backmix- 


AUTOMATIC CONTROL OF CHEMICAL 


Previous investigations of reactor control (Refs. 
1, 2, 3, 4, 5, 8) established factors which will be the 
basis of further study of chemical reactor dynamics 
and automatic control. These factors, Table II, as- 
sume that a theoretical rather than an experimental 
approach will be taken in all future work in this field. 
Such an assumption is based upon those points 
brought out in ‘Table III. 

The most direct way to attack the problem once an 
adequate computer is procured is through mathe- 
matical simulation. A set of ordinary differential 
equations describing the complete system (includ- 
ing the control device) is programmed into the 
(analog) computer, and the resulting simulation 
then is subjected to representative inputs, and its 
resulting response is recorded from the computer 
output onto a multichannel recorder. The simulated 
controller can be adjusted essentially like a plant 
controller; thus the optimum setting can be obtained 
directly by a trial and error procedure and by the 
methods of statistical design of experiments. 

Frequency responses can also be found by simula 
tion, by means of sinusoidal inputs applied to the 
computer. ‘Thus a complete control study of a par- 
ticular reactor can be made, provided only that the 
assumptions upon which the simulation is based are 
accurate. This latter can only be proven by direct 
experiment, however, which means that some small 
amount of experimental data is vitally needed for 
all computer simulations—at least until complete 
trust can be put in the assumptions used in deriving 
the basic equations. 


CONTROL ENGINEERING 


ing, a form of longitudinal mixing in which a frac- 
tional amount K of reacted material is carried back- 
ward in the tube, contacting fresh or unreacted feed 
stock, and forming unwanted by-products. Back- 
mixing in tubular reactors is usually less than in a 
series of stirred reactors and considerably less than in 
one. In fact, the continuous stirred tank reactor 
could be considered a 100-percent backmixed reactor. 

The equations describing the imperfect tubular 
reactor will thus be like those for the series of stirred 
tank reactors, but with a term added for backmixing: 


d (B) Fin (F, + KF ; 
[ dt | ss [: V | es [ I ‘5 | 
i i 


— kf (B)-+ KF.(B) jas 25 
Likewise, the following terms (corresponding to 
Equations 17 plus 23) accounts for the addition 


of backmixed-stream sensible heat to the section: 
[KFe,(Te — Tr,,,)! (26 


+1 


As before, one equation like Equation 25 is needed 
for each component for each section; and one like 
17 plus 23 plus 26 is needed for each section. 


REACTORS 


Analyzing a reactor and its controls 


Figures 14 and 15 on page 108, the schematic and 
block diagrams for a continuous stirred tank reactor, 
illustrate the degree of complexity of even the sim 
plest reactor system simulation required for process 
control studies. It is desired to react two liquid 
streams, F, and Fs, whose combination exhibits a 
highly exothermic reaction. To avoid side reactions 
an upper limit is placed on the allowed reaction tem 
perature. And, since a maximum product is desired, 
stream F’; will be controlled from the reactor output 
product composition while F is ratio-controlled (not 
shown) from F;. 

An analysis should include such things as valve 
diaphragm and shaft responses, actual rather than 
ideal controller functions, and lags of sampling de 
vices, and should allow for variations in flow of the 
primary reactant fluid, in input reactants tempera 
tures, and in coolant temperature. 

The reaction equations, from Figure 14, are 


'—» 2D 


“8 <a F\(B), ae (FP; + F:) (B)» — Vk (B)o(¢ 


= F,(C): — (Fi + Fs) (Ce — Vik (B)o(C 
dt 


d(D) wv d(B) Ly d(C) 


- ») 
dt dt : dt P(D). 


k > f ( 7. 


The heat balance will be: 








TABLE I FACTORS IN 
THE FUTURE ANALYSIS OF CHEMICAL REACTOR 
AUTOMATIC CONTROL PROBLEMS 


1. The complete nonlinear equations of the system must be 
considered; i.e., the effects of temperature, concentration, and 
possible interfering foreign substances must be taken into 
account in deriving system equations. 

2. The resulting large number of simultaneous equations 
involved and their inherent nonlinearities require computers 
to obtain solutions in a reasonable time. 
3. Either digital or analog computers may be used. How- 
ever, analogs offer several advantages if the system to be 
simulated does not exceed the capacity of the available 
machine 





TABLE Ill DISADVANTAGES Ol 
EXPERIMENTAL DETERMINATION OF CHEMICAI 
REACTOR DYNAMICS AND CONTROL BEHAVIOR 


1. Most chemical plant equipment is needed constantly in 
normal production. Its use for experimental testing would 
thus mean taking it off-stream 

2. Much chemical plant equipment is quite large and thus 
uses a sizable inventory of material for operation. Since a 
majorit f chemical materials are relatively high-priced, a 
ment in plants and inventory is necessary for 


‘ 


large inves 
experiments 
3. Large-scale plant equipment is usually quite sluggish; a 
I f experimental time would therefore be neces 

letely determine response to a variety of input 


response testing involves testing the stability of the 
or system to various inputs, the possibility is always 

f causing an instability, or even damaging the system 
each piece of equipment can only be tested over 

ed range of variables, a complete study of a reactor’s 


] 


would require testing several reactors of different 


] shay eS 





32) 


from Equation 17. Following the pattern established 


earlier, certain terms of Equation 32 are defined by 
Equations 19, 20, and 21, thus leaving T, as the 
basic variable to be defined by Equation 32. 

The output composition for (D) is sampled in 
relation to (B) and (C), and the relative completion 
of the reaction is then determined. Cutting down 
flow F, increases the effective residence time of 
material in the reactor and thus increases the conver- 
sion of reactants to product. However, this also cuts 
down the reactor’s overall yield. Thus there is an 
optimum economic level of product (D) in the out 
put stream. 

The control equations for the composition loop 
are: 

(D)s 


(D) (33) 


where 7; is the composition-sampler time constant. 


e(D) = [(D) — (D) ect-point! 34 


AP, » mp +1 mp + 1 
» > lit a 
e(D) rap + 1 8p + 1 
Here a is the derivative-control constant, 8 is the 
integral-control constant, and K;, is the proportional- 
control constant, terms well-known to the control 
engineer. 
ya 
AP, Top +t l 
where +, is the valve diaphragm time 
PZ . aZ 


omer f KsZ 
dt? - 


AP, = M 
is the second-order differential equation reé 
valve operation. 

Finally, F, = (1 + Z) Fi’ 
if one considers Z as a correction to a prt 
opening controlling the input flow | 

There is a similar set of equations for the 
ture loop 


; 


where +, is the temperature detector’s tim¢ 
fT.) = (7. — Teet-poia 
AP. 
r 


Finally, F, = GZ 


to] 


Here Z is considered as controlling the total flow 
of the coolant stream. 

Simulating this simple reaction requires that 20 
equations be programmed in the compute! 

> Reaction Equations 28, 29, 30 and 31 

> Heat balance Equation 32 and subsi 
tions 19, 20, and 2] 

> Composition control Equations 33, 

and 38 

> Temperature control Equations 39, 
43, and 44 

\ directed trial and error procedure on the com 
puter establishes the proper settings of controller 
constants a, 8, and K to give the best control fot 
each particular configuration of controller and re 
actant materials to be considered. Input variations 
to be tested include upsets in F,’, Ti, and 7 

The preceding sample problem is not to be con 
sidered an optimum reactor control configuration; 
it is presented here only as a discussion point. The 
actual configuration to be chosen in each case is a 
very definite function of the kinetics and the heat 
of reaction of the particular chemical reaction to be 
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FIGS. 14 and 15. Continuous 
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SWARTWOUT AutroniC® INSTRUMENTATION 





eliminates trouble at the 
transmitter - - - where 
trouble is really TROUBLE 


The differential transformer, heart of the 
transmitter, is so dependable in operation that 
Swartwout guarantees its performance un- 
conditionally for life. What more could be 
said? 

Added to the control advantages of the 
fully electronic loop is the dependability of 
the exclusive AC-DC system. It offers the best 
of everything: AC in sensory and amplifica- 
tion circuits; DC in the control output signal. 
It is tested, proven and praised by users in 
all fields. 

For good reasons, the trend is definitely 

AvtroniC ... and the full facts are available 


to you in a new series of four bulletins. Re- 
quest Bulletin Series A-801. 


No instrument transmitter, either developed 
or on the horizon, matches Swartwout in 
simplicity . . . reliability . . . or performance. 

Swartwout offers utmost reliability where 
it counts most: out on the process line. With- 
out tubes or transistors . . . electrical ad- 
justments, slide wires or involved circuitry .. . 
without orifices to plug or magnetic ampli- 
fiers . . . the AutroniC transmitter has vir- 
tually nothing that can fail. No tinkering; 
no tampering; no replacements; no trouble. 


THE SWARTWOUT COMPANY 
18511 EUCLID AVENUE, 
CLEVELAND 12, OHIO 
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Uniformity of 


ature 


Fiberglass wool is 
with Honeywell Model 


improved by close 
2HCT Precision 


temper- 


control Temperoture 


Controller, Three Mode Electr-O-Volt Controller and Magnetic Amplifier 


Temperature Control within 0.05% 


with new 


Model 2HCT-2, single range control unit 
with direct reading analog dial, is avail- 
able in a wide variety of ranges for 
any millivoltage or thermocouple input. 


Honeywell Temperature Controller 








No moving parts . 
converter input 


- + Magnetic 


No stray electrical pickup . . . 
60 cycle rejection of greater than 
6 x 10° 


Continuous automatic standardi- 
zation 


Sensitive to change of less than 
1 sav 

Full output power for 12 uv input 
deviation from set point 


Three-mode control available 
using Honeywell Electr-O-Volt 








CONTROL 


ENGINEERING 


The new Honeywell Precision Temperature Controller, series 
2HCT, operates magnetic amplifiers and similar devices for control of 
saturable core reactor furnaces whose temperature can be measured 
with thermocouples. 


The 2HCT consists of a null balance input circuit with manually 
adjusted set points and a highly stable d-c amplifier. The difference 
between the thermocouple signal and the set point is amplified 100,000 
times to operate control circuits. Proportional band adjustment permits 
a decrease of sensitivity by a factor of 10. 


There are 2 standard models: The 2HCT-2, which is shown above 
at left, and the 2HCT-3, which is designed for noble metal couples, 
covering temperatures from 0 to 3,000°F in 3 steps. Setting to “% part 
in 3,000 is accomplished with a direct reading digital dial. 


For applications requiring reset and derivative control functions, 
the 2HCT is used with a Honeywell Three Mode Electr-O-Volt Con- 
troller. Write for 2HCT Specification Sheet to Minneapolis- Honeywell. 
Dept. 34, Boston Division, 40 Life Street, Boston, Mass. 


Honeywell 
Foto Coitiol 
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C. D. MORRILI 
R. C. WEYRICK 


Goodvear 


Aircraft Corp. 


D \ | many 
Over ac Ss umong them 
@ Elimination of special alternator 
often neec vith 400-cps servos 


Stabilization b RC 


WOTRK i TVOS require 


simple net 
usually 
notch-typ« net 


or parallel-] 


¥f modulators in sys 


tachometers 01 
works, bridged-| 
Elimination 
tems using d enals: drift stabil 
imon, when 

time-sha 


Almost 


ible pr 


required, may 


mot 
chara 


\ rang n torque-speed 


} 
motors that simp 


; 
hes or climinates gearing 


Very small stand-by power; in a 
by power often is al- 
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1 Ii ed 
gain control, and this has been 
deal 
IS a Ser\ gement 
the reciproc of a 
For value between 1 and 100 

volts nulling action of the 

lback voltage from 
potentiometer at 1 volt as Z is 
. The shaft rotation is then pro 
portional to the reciprocal of Z, as in 
| vutput 


1 


st ind 
automat 
1 great 
simpler witl servos. Figure 1 
obtaining 
variable 


for 


process 


maintains the fee 
the 
variex 
dicated by th voltage from 
the second potentiometer section. As 
the variable Z the 
closed-loop gain of the ser 
ind the time constant and error 
servo becomes larger. It can be 
that without AGC the servo will fail 
to perform adequately at low values 
of the Z variable. AGC is also needed 
in a resolving servo employing sine 
cosine potentiometers to perform in 
verse resolution, i.e., vector addition. 
In ac AGC is usually pro 
vided by feedback to a remote cut-off 
pentode. The Z variable is smoothed 
and summed with the input error 
signal, and as Z becomes smaller the 
bias on the remote cut-off pentode is 
reduced and the gain of that tube is 
correspondingly increased. 
this variable bias to obtain 


becomes 


smaller, 


O dect 


seen 


SCTVOS, 


However, 
variable 


gain is not usable in de servos 


not only the gain but the dc 
changed by the AGC 
ervoamplifier is 
between changes 


level 1S 
ction, and the 
unable to distinguish 
in level due to th 


AG( 
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\ method of obtaining AGC 
One way to sol 


e the problem 
place a de feedback amplifier i1 
forward-gain portion of the servi 
ure 2. This amplifier has a 
onductance proportional to 
variable. If the gain of the 
vithout feedback is lat 
gain with feedback, 


} 1} ‘ 1 y 
ith feedback is inve 


imp!) 


ge compared 


eis directly proportional to an ex 
ternally applied 
ing voltage 
ewill follow rapid fluctuations in 
the applied controlling voltage 
®is independent of the cur 
flowing through it 

e is free of voltages induced by the 
controlling signal, and 

® is independent of operating 
perature variations 

These 


variable-controll 


rent 


tem 
requirements are met satis 
factoril\ by the circuit shown in big 
ure 3. It consists essentially of a small 
neon lamp and a cadmium selenide 
photo conductive cell mounted clos« 
together in a_ light-tight 
The cell has fairly linear photocon 
ductive characteristics 
range, negligible photovoltaic eftect 
small temperature coefficient in the 
normal ambient range, and generally 
the above requirements. Be 
cause the neon lamp is a constant- 
voltage device when ionized, its light 
intensity is proportional to the lamp 
current. The AGC voltage is con 
nected to the lamp through a large 
series resistance, making the light in 
tensity and the cell conductance pro 
portional to the voltage magnitude. 
\ small keep-alive current is supplied 
to the lamp from the positive refer 
ence source to maintain ionization 

This circuit provides excellent AGC 
by maintaining amplifier gain within 
plus or minus | db over a 20-to-1 range 
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capillary platinum clad metals 
tubing wire 








Build Quality 


in Your Line (astm 


with pear ot terncoure 

BISHOP ee 

TUBING 

AND 

PLATINUM 6 
PRODUCTS tubular compost platinum 


fabricated wires contacts, 
parts discs 


.Quality begets quality — it’s an established axiom that premium products 
must begin with quality components. BisHop has been producing platinum 
and precious metal products since 1842... . precision stainless steel tubing 
since 1931. The BisHop family of metal products includes a broad variety 
of components for the designer, engineer . . . just to mention a few: 


Capillary Tubing—standard and special sizes 
Platinum & Platinum Alloy Wire—#50 to #3 B&S Gauge 
Clad Metals—base and precious metals in various combinations 





Glass-To-Metal Sealing Alloys—low expansion alloys 
Thermocouples—noble metal and noble metal alloys 
k Tubing—nickel, stainless, platinum, special alloys 
“Metals for Precision at Tubular Fabricated Parts—all varieties 
\ and Performance” J Composite Wires—base and precious metals in various combinations 
‘ Platinum Tubing, Contacts, Discs 


Begin your next design with unexcelled quality Bishop component 
materials. Write, wire or phone Malvern 3100. 





J. BISHOP & CO. 


platinum works 
MALVERN. PENNSYLVANIA 
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Three Ideas at Work in 
Machine Control 


Performance-improving, money saving new ideas for control engineers 
from machine builders, excerpted from the recent 22nd Machine 
Tool Electrification Forum, sponsored annually by Westinghouse. 


1. Inexpensive, High-Response 1%4-Hp Servos 


ROBERT H. EISENGREIN 
Seneca Falls Machine Co. 


Slide- and carriage-positioning con- 
trol systems for today’s machine tools 
must perform with high accuracy and 
guaranteed repeatability. And when 
they are servoed to produce the posi- 
tion called for by a contour tracing 
transducer or any other program 
source, they must have better dynamic 
response at higher power levels than 
ever before. An_ electromechanical 
control system has been developed 
that satishes all these requirements in 
a relatively simple, inexpensive way 
It has imstrument-type response at 
integral-horsepower output levels. 

rhe electronic controller represents 
a simple means of amplifying the nor- 
mally low-level electrical signals avail- 
able from existing transducers, and 
in equally simple means of mixing 
signals, matching signal sources to 
loads, and utilizing the outputs of 
most computer systems. The problem 
is the electromechanical conversion 

[he two-phase induction motor 
workhorse of the instrument 
field—is designed specifically for high 
speeds of response. It has been proven 
in use, and its characteristics are un 
derstood analytically. In addition, the 
power required to control it is low 
nough so that electronic, magnetic, 
or transistor amplifiers can drive it 
But the low mechanical power output 
of such a servomotor has to be ampli 
fied into the horsepower range. A pro- 
gram was Started a few years ago to 
levelop a mechanical power amplifier 
for this Figure 1 is a 
chematic drawing of the result 
In Figure 1, each drum is a “wind 
s” turned by a source of prime me- 
1anical power, a properly sized ac 


servo 


purpose 


a 
] 
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mited by contr 


motor. Each drum has a flat band 
wrapped around it several times. One 
end of each band is connected to a 
load; the other end provides the means 
for control. When no force is exerted 
on the input end of a band, maximum 
slip exists between the band and the 
drum and no output force exists. As 
1 force is exerted on the input end of 
a band in the direction shown by the 
arrows, an amplified force appears at 
the output end. The available power 
to move the load comes from the 
drum. In this simple arrangement, 
any output rotation always equals the 
input rotation; the output force is a 
multiple of the input force. Two 
drums are mounted back to back to 
obtain the bidirectional output needed 
n servo systems. The input control 
torque is supplied by a low power two- 
phase servomotor 

Ihe actual mechanical power ampli 
fier is rated for a maximum of 1.66 hp 
Its characteristics, Figure 2, are the 
familiar family of curves of a two 
phase induction motor designed for 
ervo-system operation The max 


mum torque to 
output shaft is 
servomotor 
radians /sec’. 
torque-to-in 
this value 
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SPACE FLIGHT and NUCLEAR PROPULSION 


A drastic reduction in vehicle mass ratios...substan- 
tially increased specific impulse values...a capability 
for achieving very high speeds...these are some of 
the significant advantages that will come from the 
application of nuclear energy to space flight. 

A number of different propulsion systems have been 
proposed to utilize nuclear reactions. The simplest 
system consists of a fission reactor through which the 
propellant is passed, heated, and then expanded 
through a rocket nozzle. Fission reactors can also be 
employed as a source of energy to generate electric 
power, which in turn can be used to accelerate ions 
or charged particles, or to create and accelerate a 
plasma. And fusion reactors, when developed, can be 
used to generate electric power for the same purposes. 
In addition, in the case of the fusion reactor, there is 
the attractive possibility that the reaction energy can 
be used directly without conversion to electric power. 

The fission-powered thermal propulsion system will 
probably constitute one of the next major advances in 
space technology. As an example of the gain which 
can be achieved, consider a vehicle with a payload 
weight of about 25 tons for a manned flight to one of 
the nearer planets, landing, and returning. Powered 


by chemical rocket engines, the takeoff weight for such 
a vehicle would be 50,000 tons. But powered by a 
fission-thermal propulsion system, weight at launch 
would not exceed 500 tons...a 100-fold reduction in 
the mass ratio. Considerably greater gains are pre- 
dicted for the more advanced systems. 

Systems studies and advanced research in the appli- 
cation of nuclear energy to the requirements of space 
flight are in progress at Space Technology Laboratories. 
This work illustrates the emphasis at STL on the 
exploration and development of new concepts and 
techniques in ballistic missile and space technology 

Both in support of its over-all systems engineering 
responsibility for the Air Force Ballistic Missile Pro- 
gram, and in anticipation of future system require 
ments, STL is engaged in a wide variety of analytical 
and experimental research. Projects are in progress 
in electronics, aerodynamics, hypersonics, propulsion 
and structures. 


The scope of activity at Space Technology Labora- 
tories requires a staff of unusual technical breadth 
and competence. Inquiries regarding professional 
opportunities on the STL Technical Staff are invited. 


Space TECHNOLOGY LABORATORIES 


A Division of The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET *¢ LOS ANGELES 45, CALIFORNIA 
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2. Simplified Circuitry for Remote Controls 


Ingersoll Milling Machine Co. 
E. K. WAGNER 


Reduction of the number of control 
connections leading out of a remote 
control station is often desirable. In 
very large machine tool installations, 
the operator usually has to be able to 
move quite freely while controlling the 
machine in order to get a good view 
of the work. In such cases, the remote 
contro] station must also be portable, 
and usually is a pendant at the end of 
its connecting cable. 

Conventional relay control circuitry 
for a certain large adjustable-rail mill- 
ing machine required that the pendant 
control be connected to the main 
control by 84 conductors encased in a 
3-in. flexible steel cable. Portability of 
the pendant was questionable. How- 
ever, a new control circuit reduces the 
conductors to 22 

The new circuit is shown. in ele 
mentary form in Figure 1. G,, G,, 
and G, are de sources with polarities 
as indicated, and the output of G, 
equals the sum of G, and G,. G, fur- 
nishes current to give a 4-volt drop 
across each of resistors R,, R,, and R;j. 
Similarly, G, furnishes an 8-volt drop 
across each of resistors R,, R;, and R,. 
The resistance of RA is equal to one- 
half that of RB. Resistors RC,, RC., 
ind RC, limit the current through 
RA and RB so that when switch S, 
is closed, a 12-volt drop occurs across 
RA, and a 24-volt drop occurs across 
RB. With S, closed, there is an 8-volt 
drop across RA and a 16-volt drop 
cross RB. Similarly, closing S, de- 
velops 4 volts across RA, 8 across RB. 

When the switches are closed in 
dividually, the potentials of the vari- 
ous terminals with respect to the com- 
mon point, K, are as follows: 


SWITCH 1 CLOSED 
Drop icross RA = 4; across RB 
D, + 24 Ss 
FE, + 16 8 
Fi, + 8 ~ 
SWITCH 2 CLOSED 
Drop across RA 8; across RB 16 














FIG. 1. Basic circuit used to simplify pend- 
ant remote control for large milling ma 
chine 


FIG. 2. Lettered terminals in Figure 1 
connect to grids of dual-grid thyratrons. 
Two wires can control up to 12 relays 


A,-12+8=-4 D,+24-16= 
B,- 8+8= 0 E, + 16—16 
C,—4=+8=4+4 F, + 8-16 
SWITCH 3 CLOSED 
Drop across RA = 12; across RB = 24 
A, —12+12= 0 D, + 24-—24=— 0 
B,— 8+12=+4 E, + 16-2%4=— 8 
C,— 44+12=+8 F, + 8-24 16 
Note that for each switch there is 
one pair of terminals at zero potential 
with respect to K; all other pairs have 
one negative terminal. By connecting 
each of these pairs to the two grids of 
a dual-control-grid thyratron (2D2] 
only the particular tube with both 
grids at zero potential with respect to 
its cathode (point K) will conduct. 
Figure 2 shows such a circuit using 
three 2D21’s (as many as 12 can be 
used in this type of circuit). Note 
that only a single pair of wires is 
needed to connect the switches (up to 
12) to the tube portion of the circuit 
lhe plate supply for the thyratrons is 
supplied by a 150-volt, 60-cps trans 
former. The pilot relays in the plate 
circuits are of the teiephone type, 
with 1,300-ohm coils, and have copper 
slugs that give 30- to 50-millisec delay 


3. New Ac Adjustable-Speed Motor 


W. R. HARDING 


Westinghouse Electric Corp. 


Rectiflow drives represent an en- 
tirely new concept in packaged ac ad 
justable-speed drives. Basically, they 
consist of a wound-rotor induction 
motor and a de motor built on a com 
mon output shaft. Associated with 


on activation. The de intend 
to protect against tran 
not be necessary. A 50-ma, 150-volt 
selenium rectifier act | 
prevents chattering 

4 normally-closed contact on each 
plate relay opens all plate supplies to 
tubes which have positive voltages on 
their control grids. High-resistance re 
lay D opens the plate supply to the 
thyratrons in case of a break in the 
pendant cable. Potentiometers P,, P., 
and P,; are used to compensate for 
variations in the VR tubes. Switches 
are of the snap-action type to prevent 
triggering the thyratrons falsely due to 
varying contact resistance during clo 
sure of directly-actuated 

This circuit permits the use 
three wires and the 
(—G to handle the 
switches used on the milling machine 
mentioned above. The other 18 wires 
in the new remote control cable are 
used for toggle-switch circuits. This 
number is about half that necessary 
originally, because junction-diode rec 
tifiers and an ac supply have been 
used to get polarized relay 


, but may 


switches 

if onh 
ommon return 
pushbutton 


selection 


Pri nciple 


these two motors in the pa kage 


is a set of semiconductor rectifiers that 
convert the ac sl ower of the 
wound-rotor motor to direct current 
rhis de power is supp! 


ture of the dc moto 


ied to the arma 
in Figure | 
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ANNOUNCING... 


the newest addition to the Delco 
family of PNP germanium transis- 
tors! It’s ideally suited for high- 
speed switching circuits and should 
find wide use in regulated power 
supplies, square wave oscillators, 
servo amplifiers, and core-driver cir- 
cuits of high-speed computers. It’s 


the 2N553! 


NEW HIGH-FREQUENCY POWER TRANSISTOR BY DELCO 


No other transistor offers so desirable a combination of 
characteristics for applications requiring reliability and 
consistency of parameters. 


TYPICAL CHARACTERISTICS T = 25°C unless otherwise specified 


Collector diode voltage Vc, 80 volts maximum 


(Ves= —1.5 volts) 


Emitter diode voltage Veg................... 
(Veg = —1.5 volts) 


Collector current 

Base Current 

Maximum junction temperature 
Minimum junction temperature... . . 


40 volts maximum 


4 amps. maximum 
1 amp. maximum 
95°C 
— 65°C 
BRANCH OFFICES 
Santa Monica, California 


726 Santa Monica Boulevard 
Tel: Exbrook 3-1465 


Newark, New Jersey 
1180 Raymond Boulevard 
Tel: Mitchell 2-6165 
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2 volts) 
60 volts) 
30 volts, 75°C) 


Collector diode current Ico (Veg 
Collector diode current Ico (Veg 
Collector diode current Ico (Veg - 
Current gain (Vee = —2 volts, 1, = 0.5 amp.) 55 
Current gain (Vc¢ = 2 volts, |; = 2 amps.) 25 
Saturation voltage Ve, (lp = 220 ma, Il; = 3 amps.) 0.3 


Common emitter current amplification cutoff frequency 
(lg = 2 amps. Veg = 12 volts) 


Thermal resistance (junction to mounting base) 


DELCO RADIO 


25 ke 
1° C/watt 


Division of General Motors 
Kokomo, Indiana 





An additional group of rectifiers con- 
verts ac from the incoming power line 
to de for the dc motor shunt field. 
Speed can be controlled simply by 
controlling the field of the de motor. 

In the Rectiflow system: 

¢The de motor converts the slip 
power to mechanical power output. 
Conventionally, this slip power has 
not been available. 

¢ The separately excited field circuit 
of the de motor permits speed control. 

¢ Speed range is determined by the 
base speed of the dc motor and the 
relationship of its rated voltage to the 
induction motor rotor voltage. 

Certain interesting variations are 
possible. For example, regulators 
added to the de circuit can give vari- 
ous performance characteristics simi- 
lar to those for typical de motors. 

For the ac motor portion of the 
basic Rectiflow drive, the operation is 
like that of a conventional wound- 
rotor motor. But a counter-emf gen- 
erated by the de motor bucks the 
rectified ac rotor circuit voltage, and 
the difference between these voltage: 
is such that the latter is just sufficient 
to circulate load current through the 
ic rotor, the rectifier, and the de arma- 
ture. A weakened dc motor field 
means less counter-emf and more cur- 
rent. This in turn means more torque 
in both ac and de machines, and the 
drive accelerates to a higher speed. As 
the speed increases the rotor slip volt- 
ige decreases and the counter-emf in- 
creases; therefore, acceleration ceases 
when these voltages differ by the 
umount required to circulate running 
load current at the new speed. 

Starting torque of Rectiflow drives 

1 maximum of 600 percent of full 





; 7 
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Rectifier 


Rectifier 


Speed contro! 
rheostot 


FIG. 1. Schematic diagram showing 
system in which ac slip power fron 
wound-rotor motor is rectified by semi 
conductor rectifiers and supplied to 
armature of a direct-coupled de motor 


FIG. 2. Efficiency, power factor 
speed, current, and power plotted 
against torque for a 125-hp Recti 
flow adjustable-speed drive 


load values when full line voltage 1: 
applied on the primary of the wound 
rotor and full field is applied to the dc 
motor. Variations down to 25 percent 
of normal starting torque can be ob- 
tained by using double-delta windings 
on the primary of the wound-rotor 
motor. Very smooth starts are ob 
tained by exciting the dc field at the 
same time as the ac contactor is closed 
The time constant of the dc field al 
lows a smooth build-up of torque. Fig 
ure 2 shows the various characteristics 
for a 125-hp Rectiflow drive. 

In the basic drive, the combined 
characteristics of the wound-rotor 
motor and the shunt-wound dc motor 
yield inherent constant horsepower 
But by use of proper dc motor charac 
teristics and selection of proper frame 


; conomical 
stant-torque drive 
drives designed for 
the torques developed 
on the common shaft 

Rectiflow drives 
veloped and are nov 
to 1, 2 to 1, and 3 t 
for both constant-horse] 
stant-torque applicati 
be drip-proof, force 
totally enclosed fan-co 
rated from 74 hp to 7 

unit frame; so are 
ratings, that are now be 
Above 75 hp, separat 
oupled on a common | 
regulation over the 
mately 74 percent, wit! 
at full load of 85 per 


“Auctioneer” Controls 
Atomic Reactor Coolant ‘Temperature 


H. A. POWERS 
Norwood Controls 


Pressurized-water atomic 
power reactors have several cool- 
ant circuits. The average tem- 
perature of the hottest of these 
circuits must be used for coolant 
temperature control, This arti- 
cle describes a simple electrome- 
chanical solution that gives con- 
trol “to the highest bidder”. 


The “pressurized water reactor’ is 
the most common commercial atomic 
power reactor. In the PWR water 
circulates around the fuel elements to 
absorb the heat generated by nuclear 
fission. This water is about 525 deg 
F at 2,000 psig; hence the name 
PWR. It emerges from the reactor up 
to 50 deg F hotter than it entered, 
depending on the power demand, and 
the heat thus gained is dissipated in a 
heat exchanger to convert feed water 
into steam to drive the turbines. The 
cooled water returns to the reactor t 
begin a new cycle. 

For practical and economic reasons, 
more than one of these coolant loops 


ire used. In the PWR plant 
pingport, Pa., for instance 
used with a single rea 
has a separate heat 
pump, and its own 
perature-, and flow- 
ments. Normally 
the coolant loops 
It is very important 
be produced inside 
cause the coolant 
the speed of neutror 
the fuel elemei 
water, steam has 
erating effect On 
it 1s mecessary for ] 
maintain the coolant temperat 
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HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 





ane 


SOLVE SPACE 


AND WIRING PROBLEMS 


with Switch/Light Combinations 


You probably use these Hether- 
ington Switch/Light combinations 
every time you travel via leading 
air lines. Here they are used as 
hostess call lights. As you may 
have suspected, however, this is 
just the beginning of their useful- 
ness—both in aircraft as well as in 
commercial instrumentation and 
control uses. Their unique combi- 
nation of single- or double-pole 
switching action together with an 
illuminating push button offers 
definite advantages in terms of 
greatly reduced panel space and 
the elimination of switch-to-light 
wiring. Usually the entire assembly 
takes no more space than a con- 
ventional switch alone. 


Of particular importance for 
many applications, Hetherington 
Switch/Light combinations make 
it easier for operators to keep closer 
tabs on crowded panels without 
confusing control functions. By 
connecting the light to an exter- 
nally controlled circuit the illumi- 
nated button virtually cries, “Push 
Me,” toattract the operator’s atten- 
tion at the right time. In other 
models, lamp circuits are controlled 
by the main switch contacts or by 
a second set of auxiliary contacts. 


Typical contact ratings are 15 
amps at 30 volts ac-dc. Illuminated 
buttons can be made in virtually 
any color, shape or size. 





HERE’S EXTRA SAFETY 
FOR WARNING LIGHT 
APPLICATIONS 
JUST “PRESS TO TEST” 


Ever wonder whether a warning light 
for a critical circuit was merely OFF 
or whether the bulb was burned-out? 

If so, you'll appreciate the “Press- 
to-Test” feature of this tiny Hether- 
ington Type L3200 light. 

The lamp and its circuit can be 
“checked-out” simply by pressing on 
the spring-mounted plastic lens cap 
This makes contact through a sepa- 
rate third terminal circuit. When cap 
is released, the lamp functions 
through the regular circuit. 

The long plastic lens of the L3200 
gives wide, 180-degree visibility with 
either standard or edge-lit panels. 
Uses AN3140 lamps. For more de- 
tails, write for Bulletin L-2b. 





BETTER SWITCHES FOR 
BETTER APPLIANCES 


A good electrical product deserves a 
good switch—and for types in the 5 to 
50 ampere range that means Hether- 
ington. Sturdy, good-looking switches 
—both push button, toggle, rotary, 
and other types—for unique operat- 
ing or mounting requirements have 
long been a Hetherington specialty. 
Chances are, Hetherington switch 
engineers can recommend something 
out-of-the-ordinary that will enhance 
the appearance and saleability of 
your electrical products while assur- 
ing long, happy switch performance. 





NEW PUSH BUTTON SWITCHES FOR AVIATION’S 
TOUGHEST JOBS ... Designed fo MIL-S-6743 Specs 


Dr Be. GW VW & 


Designed to MIL-S-6743 drawing 
MS25089, these rugged, fully mois- 
ture-proofed snap action switches 
take a full 50 G shock and wide-am- 
plitude vibrations up to 55 cps with- 
out contact transfer. 

The basic switch can be fitted with 
any of eight different anodized alu- 
minum mounting adapters, such as 
those illustrated, to meet virtually 


any mounting or design requirement. 

Two-circuit, three-terminal, SP- 
DT, and other contact arrangements 
are available with ratings up to 10 
amps, 28 volts dc. Ask for details on 
Hetherington Series W100. 

Similar switches for non-MIL and 
industrial applications are available 
in over 1800 different types as Heth- 
erington Series “JR.” 


HETHERINGTON INC. DELMAR DRIVE, FOLCROFT, PA. 


e 139 Illinois St., El Segundo, Calif. 


where one failure is 


designed for use 


one foo many 
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high as the pressure will permit with 
out boiling. 

In each coolant loop, high-speed 
resistance bulbs measure inlet and out- 
let temperatures at the reactor. Indi 
cating receivers driven by magnetic 
amplifiers indicate the temperature 
prevailing at these eight points and 
provide retransmission elements for 
recording and control. 

Average coolant temperature is an 
important parameter in reactor con 
trol: one of its direct functions is the 
rate of heat transfer to the steam 
power plant. In a multiple-coolant 
loop plant, such as a PWR, it is neces 
sary that the average temperature be 
obtained, not from the average of 
all of the inlet and outlet tempera- 
tures but from the average of the 
highest inlet temperature and highest 
outlet temperature. This is done to 
make sure that variations in flow and 
incomplete mixing in the reactor do 
not produce a higher temperature in 
the reactor than the average indicates 

Designing a device to select the 
highest inlet and outlet temperatures 
and retransmitting these values to 
an averaging indicator and controller 
suggests the situation in which the 
highest bidder wins; therefore it is 
called ‘“‘auctioneering”. (Nucleonics 
terminology is traditionally whimis- 
cal 


The “auctioneering” units 


I'wo auctioneering units (see Fig- 
ure 1) are required pe! control system. 
\s shown, they provide two electrical 
signals, one proportional to the hottest 
of the four hot-leg coolant temper- 
atures and one proportional to the 
hottest of the four cold-leg temper- 
atures. These two voltages are used to 
compute the “average” of the highest 
hot-leg and the highest of the cold-leg 
temperatures as indicated on the “av- 
erage temperage indicator’. The 
average temperature signal is then 
compared with a manual preset tem- 
perature to provide the temperature 
error signal that eventually controls 
the position of the reactor rods. 

Functionally, both auctioneering 
units are identical, the only difference 
being the switch nomenclature on the 
front panels. In operation, each unit 
receives four temperature synchro sig 
nals from the primary coolant temper 
ature indicators located on the auxil- 
iary instrument panel of the PWR 
system. The T, unit receives the hot 
leg temperature signals and the T, 
unit receives the cold-leg signals. The 
four temperature signals are “auction 
eered” for the highest temperature 
by four servo-driven temperature cams 
and a cam follower assembly, which 
produce a single electrical output pro 
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temperature 
control rock 
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FIG. 1—Two “auctioneering units’ 
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FIG. 2. In auctioneering unit 
to the highest of four input temperatures 
four-arm cam follower that rides on highest 


portional to the auctioneered temper 
ature 

Four switches on the front panel cut 
out any one or all of the temperature 
servos and any unused temperature 
channels. 

Figure 2 is a schematic of the auc 
tioneering unit showing the electrical 
circuitry and the mechanical config- 
uration. Each servo loop receives a 
temperature synchro signal (Sl, S2, 
S3) from a retransmission synchro lo- 
cated in the primary coolant loop tem 
perature indicators. The rotor signals 

Rl and R2) proportional to the po 
sition errors of the receiving synchro 
control transformers are fed to their 
respective magnetic amplifiers and 
umplified to drive the servomotors. 

Each servomotor positions a tem 
perature cam, and each cam corre- 
sponds to the particular value of the 
input temperature signal received. 

To “auctioneer” the temperature 
signal, a four-arm cam-follower assem 
bly senses the angular motion of the 
four cams in such a way that the fol- 
lower’s own angular motion is al 


, a microsyn generator produces an ¢ 


The microsyn is positior 


cam. Cams are servoed t 


ways proportional to the highest cam 
position. An _ ElectroSyn 
(microsyn) is coupled one-to-one to 
the cam-follower axis to produc« 

electrical signal proportional t 


generator 


auctioneered temperature 
Four switch-actuating 
porated with the fou 
cams trip four SPD 
switches. These switches 
junction with four “IN 
switches located 
When one or mo 
are placed in the “Ol ion, the 
control phase of the res] ive Ser 
motor is connected to the 
line voltage so that th 
the temperature cam to its low 
position. At tl nimum cam 
rise point, the switch ictuates its 
limit switch and short circuits the con 
trol winding of th rvomotor, thus 
stopping the moto nversely, when 
in “IN-OUT” switch is thrown to the 
“IN” position, the ntrol winding 
of the affected s« 


nected to the amplifier output and 


cams in 
temperature 


trical limit 


reference 
motor drives 
cam 
rise 


motor is con- 
the motor drives in normal fashion 
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A MESSAGE TO AMERICAN INDUSTRY 


e ONE OF A SPECIAL SERIES 


ow Research Shapes 
ur Future Prosperity 


If you are looking for an industry that 
is going to keep on booming in 1958 and 
every year for the next decade, here it is. 
It is the industry of technological innova- 
tion through research and development. 

Last year this great new industry spent over 
$7 billion to discover and develop new indus- 
trial products, processes and equipment. This 
year the preliminary McGraw-Hill survey in- 
dicates that total expenditures for industrial re- 
search and development will be even greater, 
perhaps as much as $8 billion. Of the companies 


% plan to spend as much as in 


surveyed, 57 
1957 and 38% plan to spend more. 

. The sustained expansion in research 
and development is the best guarantee we 
have that the current decline in business 
investment in new plants and equipment 
will be relatively short-lived. There can be 
no prolonged decline in investment in an econ- 
omy where technology is changing rapidly. 

This editorial is designed to show how the 
continued surge in research and development 
can be expected to lead first to new products, 
and eventually to renewed expansion of invest- 
ment in new industrial plants and equipment. 
Such expansion is the essence of national eco- 


nomic growth. 
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A Slow Start 


The impact of research on sales and invest- 
ment is still very gradual. Research spending 
itself has more than doubled in the last four 
years. But only 32% of all manufacturing firms 
report significant capital outlays to make new 
products. We are not reaping the full dividends 
of industrial research as yet for several reasons: 

@ Research expenditures were relatively 
small until the Korean War of 1950 brought 
substantial government contracts in aviation, 
electronic and related fields. Heavy research 
outlays for civilian and industrial products 
came even later. 

@ There is an average lag, according to re- 
search directors consulted by the McGraw-Hill 
Department of Economics, of roughly seven 
years from the start of research until the prod- 
uct is ready for large scale output — about five 
years of research and at least two years to 
solve production problems and develop markets. 

@ Complex products, such as new consumer 
durables and industrial machinery, have an 
even longer time lag. 

However, new developments are certainly un- 
derway. Research began to increase in all lines 


of business when Korean War restrictions and 





the excess profits tax came to an end in 1953. 
The tax revision of 1954 added a new incentive 
by making research outlays deductible as a cur- 
rent business expense. By 1955, the research 
boom was on. 


When Is The Payoff? 


With a lag of about seven years, it will be 
the early 1960s before these new developments 
become a dominant factor in capital investment. 
But once the flow of new products and new proc- 
esses starts, it will accelerate sharply — just as 
research spending has accelerated in the past 
few years. 

By 1960, over $50 billion in sales will be 
coming from products not on the market as re- 
cently as 1956. Sales of new products will in- 
crease year by year, but they will gain most in 
1960-1962, or five years after the recent spurt 
in research expenditures. 

Capital expenditures to manufacture new 
products will also rise, but with a slightly long- 
er lag. Here the sharpest rise should come in 
1962-1965, as the new products reach a volume 
that calls for a significant amount of new capac- 
ity. In most cases, initial output of new products 
will come from existing capacity. 

This timing of a new wave in capital invest- 
ment appears logical on other grounds. Popu- 
lation experts forecast an upsurge in marriages 
and births around 1965. So by 1962, industry 
will be starting to tool up for new mass markets. 

The important point is this: As we ap- 
proach the 1960s more and more sales 
and investment will be in new products 
growing out of research. By 1960 well over 
10°. of manufacturing sales will be in new 
products not on the market in 1956. 

‘ Meanwhile — research will help stabilize 
capital spending by raising the level of mod- 
ernization and replacement expenditures. Of 
course, research does not eliminate all the ups 
and downs in the demand for capital goods, for 
there remain variations in the amount spent to 
expand capacity. But a high level of moderni- 
zation, to cut costs and improve quality, does 


put a floor under any drop in investment. 


What To Expect 


During the next few years we can expect an 
increasing flow of new materials, new metallic 
alloys, new machinery — primarily those devel- 
opments coming out of long-established research 
programs in the chemical and electrical indus- 
tries. Industry will make wider use of special- 
ized computers and automated equipment. 

But the dramatic payoff on research comes 
even later. In the early 1960s the consumer 
goods industries will begin toolking up for their 
really new products — things so basically new 
they can change the way a family lives. Such 
items as plastic houses, paper apparel, turbine 
autos are under development right now. But it 
will take several years to get costs down and 
for population and incomes to grow to the point 
where mass markets are created. 

When we reach that point in the mid-1960s, 
there will begin the greatest surge of capital 
investment in all history. And then — around 
1965 — the new processes (full automation, 
atomic power, continuous steel casting) which 
are the slowest and most expensive part of the 
research chain to develop, will come into play. 

The combined impact of new products 
and new processes, to meet an expanding 
market, will thus be felt in the mid-1960s 
— eight to ten years after the recent sharp 
increase in research spending. The full im- 
pact is that far away because of the lags for 
applied research, pilot plant studies and market 
introduction. But to a large degree the pros- 
perity of the 1960s has already been shaped by 


the research programs now underway. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 
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Designs of the Month 


Data Handling & Display Actuators & Final Contro! Elements 
Primary Elements & Transducers Research, Test & Development 
Controllers, Switches & Relays Component Parts 


Flowmeter No. 2 





Power Supplies 


Accessories & Materials 


SERVOVALVE weighs only 11 oz. 


Designed for aircraft and missile ser t thi 
lightweight electrohydraulic servovalve featui fast 
sponse, low internal friction, minimum n ft, and 
faithful reproduction of smali input signals. Versions a 
wailable for rated flow capacities at from 4 t gpm at 
plus or minus 8.0 ma input, and for am t ul 
of over 500 psi. Dimensions are 24 by 2} by 23 in. and 
weight is approximately 11 oz. Operating a1 nt tem 
peratures range from minus 65 to plus 450 deg | 

The valve operates on a dynamic continuous-fl isin 
principle, and consists of a dry-coil torque mot ivdrau 
lically balanced flapper-type pilot valve, four-wa ide-tvpr 
power valve, and a flowmeter feedback loop. Schemati 
below the photo illustrates the internal arrangement 

An electrical input signal introduced in the coils cause 
them to position the flapper so as to increase + ressure 
at one of the pilot nozzles. This produces a pr re un 
balance that displaces the spool of the power-st valve 

Movement of the power spool produces flow through th 
load ports. Flow from the load through the flowmeter 
exerts a force proportional to the rate of flow. This acts on 
the flapper and counterbalances its prior displacem 
When the flapper centers, the power spool is held in 
draulic balance and movement is stopped at an equilibrit 
position. Output flow at this point is directly proportional 
to the amplitude of the input signal. 





he flow-type feedback control permits relatively larg: 
power spool overlap, hence large spool clearances. Accord 
ing to the manufacturer, this design not only reduces pt 
duction costs but also minimizes dead zone.—Pesco Pro 


ucts Div., Borg-Warner Corp., Bedford, Ohio 
Circle No. 9 on reply card 


EDGE GUIDE provides close control. 





Already in use on a tantalum slitting machine, th 
Edgetron edge-control system consists primarily of two 
photoelectric cells mounted in a sensing head, a control 


box to receive and relay signals, and a correction device 
The accompanying schematic illustrates the action of th 
sensing head. One of the light beams is normally inter 
rupted; displacement of the moving strip to the left inter 
rupts both beams, displacement to the nght exposes them 
In either case, the correction device moves the strip in the 
opposite direction. The sketch also shows how the contro! 
span is varied by simply rotating the sensing head t 
change the lateral distance between beams. This simple 
arrangement permits edge control to within 0.005 in 
where desired.—Intercontinental Dynamics Corp., Engle 
wood, N. J. 

Circle No. 2 on reply card 


PNEUMATIC RELAY solves equations. 


This pneumatic relay solves equations continuously by 
combining two or more pneumatic signals in varying, pre- 
determined proportions. The device multiplies or divides 
one pneumatic signal, representing a measured variable, by 
some predetermined function of a second variable. It also 
adds and subtracts signals and provides proportional con 
trol action. Applications include temperature and pressure 
compensation, and the remote adjustment of proportional 
band in single or multi-element pneumatic control systems. 

Called a computing relay, the unit uses standard SAMA 
signal ranges of 3-27 and 3-15 psig, requires a 30- or 
18-psig air supply. Both direct- and reverse-acting models 
are available. 

With a 30-psig supply balanced at 15 psig, the rela 
has an output capacity of 2.0 scfm. A remote adjuster, 
also available, has an output capacity of 0.6 scfm when 
the transmitted signal is dropped 1 psig. At balance on 
dead-end service, it consumes 0.10 scfm air. Under the 
same conditions, the remote adjuster uses only 0.06 scfm 

Photo right, a front view and mirror image of the back 

f a typical unit, shows how the second signal is supplied 
through a pneumatic receiver and either a calibrated cam 
t linkage mechanism. Units with the linkage mechanism 
have a somewhat wider proportional band range.—Baile\ 


Meter Co., Cleveland, O. 
Circle No. 3 on reply card 


NEW DECODER uses relay tree. 


This new Bina-Dec binary-to-decimal decoding unit has 
been designed primarily for electronic digital display equip- 
ment. Areas of application include missile ground test 
equipment, counting circuitry, computers, and controls. 
Modular construction permits assembly of as many decades 
as required. The number of relay trees for the translation 
depends on the code used. Four or five terminals plus a 
common terminal provide input information to control 
the relays; 10 terminals plus a common, the outgoing 
decimal information. Lockup contacts maintain settings 
in pulse-type operation. 

Decimal-coded-binary codes that may be translated in 
clude four-bit codes, the two-out-of-five code, and the 
excess-3 code. Others are available on special request. 
Industrial Electronic Engineers, North Hollywood, Calif 


Circle No. § on reply card 


CONTROL SYSTEMS for 4 to 100 hp. 
\ new line ] mecha ee , 


improved dynamic res] 


| Y 
of ciect 


| . 
teed repeatabiiit 
control, the svstems can sen 


rt quit if p wel 


clude an electrical or mechanica 


outputs fh 


power-supply converter, an electro1 


unique m«¢ hanical power amplifier 
right shows a tvpical demonstration 
Simplified design and the absenc« 
or adjustments minimize maintenan 
ents facilitate replacement.—Sen¢ 


Seneca Falls, N. \ 
Circle No. 4 on reply card 





W&T 
PRECISION 
ANEROID 
MANOMETER 
FA-129 


ACCURACY 
0.1% 


WO ot Mean wus om, wERT CR 


wa act © THRNAN 
OC Erme, ate comet 


San Gane Omen 80 ee 


PRECISE CALIBRATING STANDARD 
... For Absolute Pressure Work 


Ranges: 


Accuracy: 
Sensitivity: 
Scale Length: 
Dial Size: 


0 to 31.5 inches of Hg. absolute (min.) 
0 to 100 inches of Hg. absolute ( max.) 
Other intermediate ranges available 


1/1000 of full scale 
1/10,000 in all ranges 
45 inches in two revolutions 


84% inch diameter 


Write for Publication No. A-112.28 





25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


In Canada, Wallace & Tiernan, Ltd. — Toronto 





ELtecTrRO Rust-PROOFING 
—_—— CORPORATION 
30 MAIN STREET, BELLEVILLE 9.N. J. 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


TO 30,000 COUNTS PER MIN 


The Model N-l Count-Pak uses a 
compact, glow-transfer, cold-cathode 
counting tube, and a high-speed mag- 
netic counter combined with a small, 
adaptable photo-head. Unit operates 
at speeds up to 30,000 counts per min 
for more than one billion counts. Its 
photo-head can be made to handle a 
variety of applications. Use of tran- 
sistors and printed circuits reduces 
heating and simplifies wiring.—Veeder- 
Root, Inc., Hartford, Conn 


Circle No. @ on reply card 


ENCODER SYSTEMS 


The new LE-100 linear encoder sys- 
tems measure and accurately record 
linear lengths from 0 to 100 ft in 
h-in., w-in., or 0.001-in. increments 
Accuracy 1S within plus OT minus one 
count of the least significant digit.— 
G. M. Giannini & Co., Monrovia 
Calif 


Circle No. 7 on reply card 


NO CONTACT BOUNCE 


A new commutator designed primaril: 
for pam-fm-fm telemetering system 
will not introduce false synchroniza- 
tion signals because it has no contact 
bounce. In operation, all signals are 
initiated and concluded by the open 
ing of contacts. Other advantage 
claimed for the new device 

*photo-etched construction that per- 





air circuitry: 


a new term of importance to control engineers. 


Air has come of age as a control medium. No longer is it confined to the simple jobs of pushing 
a clamping device, moving a lever, or blowing chips. No longer is an air circuit just a valve, 
reservoir, and cylinder. Today the most complex of industrial control problems can and are 


being solved efficiently with air. 


Today, pneumatic circuits can be interconnected. They can be set to control a complex sequence 
of operations automatically. They can be combined with electrical circuits. There is mo control 


problem you have that can’t be solved successfully with air. 


The new role that pneumatic control can play in industrial operations demands a new way 
of thinking about air control. It demands a new way to describe control by air—a new name that 
suggests some of its limitless control possibilities. That’s why Westinghouse Air Brake Company 


is now using the term “‘air circuitry” to describe the application of air control to automation. 


Westinghouse Air Circuitry, we realize, has to be more than just as good as your presen 


means of control. It has to offer you extra advantages. And it does. 


Chief among these is its extreme simplicity. The devices themselves are uncomplicated me- 
chanical devices. They have few moving parts. They are easy to service by any mechanic. The 
circuit connections are made with pipe—and what could be simpler than that! 


‘ 


This extreme simplicity brings with it other important “pluses” for air circuitry. The sim 
equipment is unusually reliable—there are few moving parts to wear out or get out of adjustment 
The devices are sturdy and durable. They require very little maintenance. What maintenance 


there is can be handled without the services of highly trained technicians. 
Above all, remember: no means of control is as safe as air. 


Air circuitry can help you simplify your control problems. It can help you ge 
answers to your automation problems on any industrial machine . . . in any industrial process 
And Westinghouse Air Brake Company can help you with the engineering of a suitable syste 
Westinghouse has been in the control engineering business for 80 years now. It has been at 


forefront of the development and improvement of air control equipment and its applications 


For more information on Westinghouse Air Circuitry—how it has helped other com} 
how it can help you—write for your copy of “Basic Pneumatic Control,” or call ous 


sales office. 


WESTINGHOUSE AIR BRAKE COMPANY, INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PA. 





Introducing the Donner 2400 


10 Chopper Stabilized 


printed circuit 
amplifiers 


Built-in 0.1% 
null voltmeter 


Repetitive or 


continuous operation 


Choice of 0.1% or 
1.0% computing 
components 


anew Desktop Computer 


WITH 


CHOPPER STABILIZED 
AMPLIFIERS 


Donner’s new 3400 analog computer combines high accuracy, 


flexibility, an 


d economy. From its inception, design philosophy 


dictated the creation of a computer whose performance com- 
pared favorably with larger and more expensive equipment. 


Model 3101 plug-in amplifier: dc gain 
in excess of 50 million; maximum 
offset of a unity inverter, less than 
200 pv/day; drift of unity integra- 
tor, less than 100 yv/sec; phase 
shift of unity inverter, less than 0.5 
degrees at 1 kc. These amplifiers 
are also available for separate sale. 


126 CONFROL ENGIN 


A complete Model 3400 consists of 10 chopper 
stabilized amplifiers, built-in null voltmeter and 
cyclic reset generator, 5 initial condition power 
supplies and supporting control and metering 
circuitry. Prize of the basic Model 3400 is $2,190. 
The Model 3430 Removable Problem Board sells 
for $95. The purchaser can buy either 0.1% or 
1.0% passive plug-in computing components ac- 
cording to the requirements of his problems. Two 
or more 3400’s can be slaved together and opera- 
ted from any one computer. Standard companion 
non-linear equipment such as function generators, 
and multipliers is available for operation with 
the 3400. 

Donner engineering representatives are located 
in principal areas throughout the western world. 
Your nearest representative will be happy to ar- 
range a demonstration. For the name of your 
nearest representative and complete technical 
information on the new Donner 3400, please 
address Dept. 087. 


Donne 


CONCORD, CALIFORNIA 
Phone MUlberry 2-6161 ¢ Cable “DONNER” 


EERING 


SCIENTIFIC 
COMPANY 


NEW PRODUCTS 


mits simple alteration of the number 
of contracts and well time 
‘size reduction without 
machining 

e elimination of the customary second 
gating deck 

‘elimination of electronic gating 
-reduction of overall system costs 
Unit measures 4 in. in diam by 14 in. 
in length, exclusive of motor, has 30 
single-pole contacts, and speeds of 10, 
5, and 24 rps on order. It draws less 
than 100 ma at 117 volts, 400 cps, 
single-phase.—Genisco, Inc., Los An- 
geles, Calif. 


€ xpensive 


Circle No. 8 on reply card 


LOW-COST TAPE READER 


Designed for a broad range of control 
and programming applications, this 
new perforated tape and card reader 
accommodates widths from 3 to 18 in 
with 10 circuits per in. Two types of 
tape-advance mechanisms are avail 
able: a silent motor-driven sprocket 
and a solenoid and pawl arrangement 
The latter has a maximum tape speed 
of 10 rows per sec.—Program Control 
Associates, New York 


Circle No. 9 on reply card 


of) er eer ee 


(10) A line of simple flow indicators 
for use in circulating water or oil lines 
is available from McIntosh Equip- 
ment Corp., New York. . . . (11 
Navigation Computer Corp., Phila- 
delphia, Pa., offers a new reversible 
binary counter for use in digital con 
trol of machine tools... . (12) A new 
electronic proportioning temperature 
controller, now being produced by 
Electronic Processes Corp. of Califor- 
nia, San Francisco, Calif., features 
independent control and plug-in cir 
cuits. . . . (13) Panellit, Inc., Skokie, 
Ill., has developed a new recording 
annunciator that monitors eight to 32 
points per operational system. 


Circle 10, 11, 12, or 13 


on reply card 
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runs at speeds up to 8,000 
counts per minute! 


Here’s a new Veeder-Root high-speed predetermining 
counter with instant resetting. Easily preset to the 
required number of pieces or performance-units, the 
counter subtracts to zero . . . then resets with a finger- 
flick back to the original preset number. 
This new counter meets standard U. S. electrical requirements 
(JIC Codes) . . . and is available with either electrical switch or 
mechanical stop. Also available without the predetermining feature, 
as a high-speed reset revolution counter. Series 1522 High Speed 
Predetermining Counters come in a rugged, handsome 
2-tone gray case that looks well everywhere. Write: 


EVERYONE CAN 


COUNT ON Veeder-Root 


INCORPORATED 
Hartford 2, Connecticut 


Hartford, Conn. « Greenville, S$. C. * Altoona, Pa. « Chicago * New York « Los Angeles * San Francisco * Montreal + Offices and Agents in Principal Cities 


*Trade-mark registration applied for. 


® 
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The world’s 
toughest referee 


...a count of one and the tape is OUT! 


The machine above is a unique test- 
ing instrument, designed by Audio 
Devices engineers and installed at 
the Audiotape plant in Glenbrook, 
Conn. This Automatic Defect Counter 
records and plays back every inch 
ef the EP Audiotape under test. 

Type EP is the extra precision mag- 
netic recording tape for applications 
in computing, automation, telemeter- 
ing and seismography. If the tape fails 
to record a single test pulse out of the 
millions put on a single reel, the en- 
tire reel is rejected. There are no ifs, 
ands or buts. 

This is one of many special quality- 
control operations to which type EP 
Audiotape is subjected. The extra 
attention begins at the raw material 
stage where the master rolls of base 
materials are critically examined for 
uniformity of gauge, freedom from 
stretch, and cleanliness. The oxide 


ght’, 


type 3! v EPz 


ks 


Export Dept.: 13 East 40th St., N. Y., 


16 * Cables “‘ARLAB”’ 


and binder components are selected 
for fineness of dispersion and mag- 
netic properties—then combined and 
fed through a micronic filter and 
metered on the seleeted foil in Audio’s 
special dust-free precision coating 
machines. The coated master rolls 
are then selected for freedom from 
imperfections and proceed through 
the slitting operation. Each ribbon 
is wiped after slitting to remove all 
traees of dust, run through the de- 
fect counter, rejects discarded, and 
the defect-free tape packed in her- 
metically sealed metal cans or plastic 
cases. 

The defect counter does its job so 
well that type EP Audiotape is guar- 
anteed to be defect-free! For more 
information write for free Bulletin 
T112A. Write Dept. TC, Audio De- 
vices, Inc., 444 Madison Avenue, New 
York 22, N. Y. 


Taace magn 


AUDIO DEVICES, INC., 
444 Madison Ave., N. Y. 22, N. Y. 


* In Hollywood: 840 N. Fairfax Ave. 


in Chicago: 5428 Milwaukee Ave. « Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calif. 


CONTROL 


ENGINEERING 


NEW PRODUCTS 


PRIMARY ELEMENTS 
& TRANSDUCER 


HIGH-RESOLUTION 


Covering pressure ranges from 2 ( 
10,000 psi, this lightweight, bourdon 
tube pressure transducer should pr 
particularly useful in measuring 
pressure of noncorrosive 
gases in airborne 
mounting of the 
hysteresis and 


liquids ot 
applications. Center 
bourdon tube lowers 
assures excellent per- 
formance under severe vibrati 
Characteristics: 

Resolution: up to 400 wires 
Vibration: 25 g’s to 2,000 
Resistance: 3 to 16 k 
Weight: 6 oz for ranges to 2 

12 oz for ranges from 

10,000 psi : 

G. M. Giannini & Co., 
Calif 


Pasadena, 


Circle No. 34 on reply card 


PRECISION TACHOMETERS 

Now in production, this new lin 

servomotor tachometers suits integra 
tion applications that require accura 
cies within 0.01 percent. Sizes range 
from 11 to 20 (1.062 to 1.950 in 
diam). Features include high linearity 
output voltage, good temperature sta- 
bility, and very low harmonic distor- 





Ei MICRO § WwW 11 C Hi Precision Switches 


Actua/ Size 


We've Miniaturized the Subminiature! 


WEIGHT: 7 gram... 28 switches to the ounce...over 430 to the pound. SIZE: .500” long, .200" wide, .350" high. 
CUBIC CONTENT: .035 cubic inches. ELECTRICAL RATING: 5 amps-250 vac, 30 vde. SPDT. 


After a long period of laboratory devel- 
opment, MICRO SWITCH announces this 
new, highly miniaturized precision snap- 
action switch and a complementary line 
of actuators. 

We call it the “Sub-subminiature!” 
This new “SX” basic switch represents 
an entirely new set of answers to the 
space-weight problems in dependable 
precision switching. It combines new 
small size with more than ample capac- 
ity for wide usefulness, meeting the 
pressing demand for miniaturization 
combined with reliability. 


In its exacting development, many prob- 


The two-word name MICRO SWITCE 
is NOT a generic term. It is the 
name of a division of Honeywell. 


lems of design, testing and quality con- 
trol presented themselves. However, 23 
years of experience proved of immense 
value. As a result, a new standard has 
thus been set by which all precision 
switches must be measured. 

This broad experience can prove of equal 
value to you. Send for more information 
about this new switch. Request Data 
Sheet No. 148. 

> 
MICRO SWITCH...FREEPORT, ILL. 
A division of Honeywell 
In Canada: Honeywell Controls, Ltd., 
Toronto 17, Ontario 


| HONEYWELL 


a 9 .500” 
= 


¥ 200 


” 


> 
a 


Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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spacemaker cylinder NEW PRODUCTS 


tion. Units are temperature controlled 
or temperature compensated.—Kearfott 


, \ \ Quality Engineered 


to give quality results 


with Extras... 
at No Extra Cost! 


You get more—much more—when you 
specify and use any of T-]’s complete line of 
Spacemaker cylinders. The Spacemaker is 
engineered to give you better, more accurate, 
and longer service—offers, exclusively, many 
extras...that are STANDARD, AT NO 
EXTRA COST! 


Designed to eliminate tie-rods, providing 
greater strength . . . savés space . . . reduces 
manhours and costs in all push-pull-lift op- 
erations. IMMEDIATE SHIPMENT in a 
wide range of styles and capacities, with 
64,000 combinations. Write for Bulletin 
SM 155-3 with complete engineering details. 
The Tomkins-Johnson Co., Jackson, Mich. 


2) . TOMKINS-JOHNSON 


A y CYLINDER TTER 


CONTROL ENGINEERING 


METAL PISTON ROD SCRAP. 
ER... Standard at No 
Extra Cost! 


NEW “SUPER” CUSHION FOR 
AIR...Standard at No 
Extra Cost! 

CHROME PLATED CYLINDER 
BORES AND PISTON RODS 
. « » Standard at No Extra 
Cost! 

ONE PIECE PISTON... 
Standard at No Extra Cost! 


NEW ‘“‘SELF-ALIGNING"’ 
MASTER CUSHION FOR HY- 
DRAULIC USE .. . Stand- 
ard at No Extra Cost! 


NO TIE-RODS TO STRETCH 
. . « Standard at No Extra 
Cost! 


STREAMLINED DESIGN... 
Oil Pressure to 750 P.S.1.— 
air to 200 P.S.1. Standard at 
No Extra Cost! 


FORGED SOLID STEEL HEADS 


. . « Standard at No Extra 
Cost! 


Co., Inc., Clifton, N. J. 
Circle No. 15 on reply card 


J ES ore 


16) Farmer Electric Products Co., 
Inc., Newton Lower Falls, Mass., is 
offering a pair of miniature photoelec- 
tric heads for direct- or reflected-light 
applications. (17) G. M. Gian- 
nini & Co., Inc., Pasadena, Calif., has 
another new bourdon-tube pressure 
transducer for ranges of 100 to 
0-6,000 psi, differential or gag 

18) ‘Thermocouples, nnection 
heads, wells, fittings, and mounting 
attachments are the components found 
in a new expanded line of thermocou- 
ple assemblies available from ‘Thermo 
Electric Co., Inc., Saddle Brook, N. J. 

19) Westinghouse Electric 
Corp., Pittsburgh, Pa., recently dem 
onstrated a new radiation detector for 
high-intensity atomic particl 


Circle No. 16, 17, 18, or 19 


on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


NEW PROXIMITY SWITCH 

Absence of moving parts makes the 
operating life of this new proximity 
limit switch totally independent of 
the number of switching operations. 
he unit consists of two parts: a sens 
ing element, containing an open C 
core and two windings, all forming a 
variable-reluctance bridge circuit; and 
a control element containing a _ bal- 
ance circuit, amplifier, phase detector, 











2/5 


Announcing the First Item in Our New Line of Control Instruments. 


MINIMUM TRIP SETTING 


MANUAL 
RE-SET { 


The “MITE-73” is a monitor instrument designed to 
trip when a pneumatic signal violates its minimum or 
maximum * setting. It remains tripped after the signal 
is restored to normal limits until manually reset, either 
locally or remotely. When in service “MITE-73” will 
relay the input signal “A” to either one or both ports 
“B” & “C”. (Either “B” or “C” must be plugged if not 
required. ) 


\ 
\onh 
\ 
expe : 
» W 
o'r 


ae 
The name “MITE” was selected 
for two reasons: 
One, its miniature size, 
and two, it, like “The widow’s mite” 
(Mark 12:41-44) 

", though small, was very important 

: to the One for Whom it was intended. 

my 


~ 


eres 
>, 


hy , yy 
». 


Pat. Applied for 


Shown actual size 





“MITE-73” is available in anodized aluminum, brass 
or 18-8 stainless steel. 


Standard maximum pressure range 250 P.S.L, mini- 
mum trip adjustable 1-100 P.S.L. 


From the above graphic description you will note the 
“MITE-73” has, like the common safety pin, many 
applications. 


*If desirable to have the “MITE-73” trip on a maximum setting, tee off 
from A to D with a relief valve in the loop and set trip pressure desired. 


REPRESENTATIVES IN PRINCIPAL CITIES 
Write us for complete technical information, or for the address of our representative in your area. 


GEORGE W. DAHL COMPANY, INC. 86 TUPELO STREET, BRISTOL, R. 1. 
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FC-2-XPF 
Short leads— 
0.2” grid spacing 





Acheah sine phates W12 5°C. Ambient... 


Y Power and Low 
Level Switching 


‘“A-Lomecme Alef a-tite? . 


AT 2000 CYCLES 


FC-2-XLF FC-2-XHF 
long leads— Hook leads— 


0.2” grid spacing P 0.2” grid spacing 


NEW! FC-2 
DC RELAYS 


Subminiature, 
hermetically-sealed types 











These new FC-2 types are the latest 
development in high reliability missile 
relays — designed and produced by 
Struthers-Dunn, the pioneers in mini- 
ature, hermetically-sealed relays. 

30 G vibration at 2000 cycles and 
50 G shock specifications are readily 
met, as well as other requirements of 
MIL-R-5757C and MIL-R-25018. 


























Write for Struthers-Dunn DATA BULLETIN FC-2 


STRUTHERS-DUNN, Inc. 


Pitman, N.J. 





Makers of the world’s largest assortment of relay types 


Sales Engineering Offices in: Atlanta + Boston + Buffalo + Chicago + Cincinnati 
Cleveland + Dallas » Dayton + Detroit « Kansas City + Los Angeles » Montreal « New 
Orleans + New York « Pittsburgh + St. Louis « San Francisco + Seattle + Toronto 


CONTROL ENGINEERING 


NEW PRODUCTS 


precision flip-flop circuit, transistor 
output amplifier, and power supply. 
Electrical output, 24 vde at 0.335 amp, 
will drive Cypak and other static con- 
trol elements, as well as 24-volt de re- 
lays and solenoids. — Westinghouse 
Electric Corp., Pittsburgh, Pa. 


Circle No. 20 on reply card 


POLARIZED RELAYS 


A new line of high-speed polarized re- 
lays provides fast action without con- 
tact bounce and will, under some 
conditions, handle over 1,000 pulses 
per sec. 
Characteristics: 
Contact arrangement: spdt, with two 
independent coils 
Coil resistance: up to 5,000 ohms per 
coil 
Contact ratings: 120 vac or de, 60 ma 
to 2 amp, depending on speed de- 
sired 
—Hart Mfg. Co., Hartford, Conn 
Circle No. 29 on reply card 


FOR MACHINE TOOLS 


Three new synchronous-motor-driven 
timers provide maximum ranges of 1, 
3 and 5 min. Each is adjustable. in 
increments equal to 1/60 of the full 
range. A bronze pointer, depressed 
and rotated to any desired position on 
the indicating dial, sets the timer. All 
motors operate on a 110-volt, 60-cycle 
supply. For a higher voltage service, a 
control transformer and _ terminal 
block can be added.—Cutler-Hammer 
Inc., Milwaukee, Wis. 


Circle No. 22 on reply card 


HIGH ACCURACY P-D METER 


A British firm has developed a new 
positive-displacement meter accurate 
to within 0.03 percent. Essentially, it 
is a free piston operating in a cylinder 
of known swept volume. A double-L 








For easily-instalied, 
reE-veE-Jal-F-1-)i-Me aclit-t-] Meat [ti tiletal 
use Sola 


FIVE constant voltage transformer 


Standard Sola Constant Voltage Transformers 
can be built into your equipment, or added as an 
accessory. Either way it’s simple, and economical 


ko of space and money to do it with a Sola. For 
example, Electric Eye Equipment Company uses it as a 


standard accessory on their Hurletron, automatic, pro- 


portional printing register control. The transformer is 


Harmonic-Free*: Output voltage wave 
has less than 3% total rms harmonic 
content other features identical 
with standard type automatic, 
continuous regulation .. . for rec- 
tifiers and other loads sensitive to 
harmonics low external field. 


Plate-Filament*: Regulation is +3% 
with line input between 100-130v ... 
plate and filament windings are com- 
bined on a single, compact core for 
chassis mounting . good isolation 
of input and output circuits 

automatic, static-magnetic regulation. 


* Available from stock or custom-designed. 


Sola Electric Co., 4633 W. 16th St., Chicago 50, Ill 


SOLA 


Bishop 2-1414 e Offices in Prin 


types answer most stabilizing needs 


pictured above, mounted to the right of the control cabinet 


The Sola Constant Voltage Transformer stabilizes output 
voltage within +1% regardless of input voltage variations 
+15%; 
magnetic regulator 


up to Response is within 1.5 cycles. It is a static- 


has no tubes or moving parts; 


requires no manual adjustments, or maintenance 


Filament*: Regulation +1% with input 
voltage fluctuations up to +15% ; 
6.3v output for large numbers of 
electron tubes current-limiting 
action minimizes cold inrush cur- 
rents, also protects against damage 
from load faults . . . 75-80% efficiency 


Adjustable, Harmonic-Free: Provides 
output adjustable from 0-130 volts, 
ac, ... regulates within +1% with 
less than 3% total rms harmoni 
content ... portable for lab or shoy 
use ... or mounts on rack. 


For complete data write for Bulletin 26G-CV-170 


pal cities @ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 14, Ont 


= 
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NEW REFINEMENT 
MAKES OLD DOG GOOD 
FOR LOW LEVEL WORK 


This particular little friend of man (left, above) has been 

on the Sigma payroll now for about ten years, which explains 
why he can be called “old.” Over the years he’s been sent out 
on a variety of switching assignments, where neither space 

nor available power would permit using a St. Bernard. 
Although he’s earned a reputation for being pretty dependable 
when there’s a lot of shaking and tail wagging going on, 
lately certain people at Sigma have been hard at work to give 
him more “class. They figure that with his background, 

he might be able to show up a lot of late-model poodles 

in cases where loads hover around 0.0000001 watt, 

or in the native vernacular, “dry circuit’ applications. 


It looks now as if the Brink of Success has been reached: 

98 out of 100 of these refined types consistently pass our 
special low level tests, switching 10 microamperes at 10 milli- 
volts 5,000 times, with all operations monitored. This is 100% 
production testing on this type, and the 2% that don’t pass 
are sent to a horrible end (in our plant, not in yours). 

As a matter of interest, the contacts in these new types 

for low level work use 24 karat gold. 


In case your circuit is considerably more moist, 
but still calls for long, dependable switching that’s 
immune to high shock and vibration levels, old faithful 
can also be ordered with silver, palladium or gold 
alloy contacts. The silver contacts are rated up to 
2 amp. (resistive load at 120VAC or 28VDC), 

the palladium and gold alloy types, 0.5 amp. Latest facts 

are available in a Sigma bulletin entitled “Series 22 Relay”, 

a straight presentation with no animal pictures. 


LN 
WLS) GM ce 
mtd items INC. 


69 Pearl Street, So. Braintree 85, Massachusetts 
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port valve diverts the liquid input al- 
ternately to opposite ends of the 
cylinder, where proximity switches in- 
itiate signals that operate solenoid air 
valves. These control an air cylinder 
which strokes the L-port valve. As a 
rate-of-flow controller, the meter oper- 
ates at a stroke frequency determined 
by an adjustable timer. As a preset 
meter, it operates at a fixed-stroke fre- 
quency.—Dunford & Elliott, Ltd., 

Sheffield, England. 


Circle No. 23 on reply card 


LEVEL CONTROL SYSTEM 


Drawing above illustrates the principal 
components of a new liquid-level con- 
trol system. Basically, the system con- 
sists of a Varidrive motor equipped 
with a pneumatic Varitrol actuator. 
The latter, receiving a signal from an 
air- or liquid-purge level controller, 
regulates the motor speed. In this way 
the pump maintains a constant level 
in the tank. Entirely pneumatic, the 
system contains no floats or flow re- 
stricting valves.—U.S. Electrical Mo- 
tors, Inc., Los Angeles, Calif. 


Circle No. 24 on reply card 


PLUS 


(25) A low-noise, low-level data-sam- 
pling switch, manufactured by Ge- 
nisco, Inc., Los Angeles, Calif., oper- 
ates by successively depressing metal 
reeds against a common ring. . . 
(26) National Time & Signal Corp., 
Detroit, Mich., has developed a line of 
rotary switch assemblies with from 
four to 60 cam-operated contacts. 
(27) For applications requiring on-off 
switch-type control, the Magnetic 
Controls Co., Minneapolis, Minn., 
offers the Model SA-6A-1 magnetic 
switching amplifier. . . . (28) Revere 
Corp. of America, Wallingford, 
Conn., announces a new level indica- 
tor that operates on a photoelectric 
principle. 

Circle No. 25, 26, 27 or 28 


on reply card 











Recording 
Unit for 
Variable 1 


Bailey Recorder 
is key to 


Recording 


Variable 2 


Unit for | ¢ E “step-by-step” 
6 automation 


When you are pioneering a new process and 
don’t know all the answers, complete automa- 


Controlling ja tion is seldom practical. The first step is to 
Unit for ‘ 
Variable 1 


identify your variables and measure them. 
Nothing does this job better than a Bailey 
Recorder. One instrument can record any four 
variables that can be converted to electric or 
pneumatic signals. 

Once you get a better understanding of the 


Controlling 


Unit for ra 
P | controls and feed back your measurements. 
Variable 2 ; e : 


variables in your process, you will want to add 


Here’s where the versatility of the Bailey 
Recorder comes into play. For the same Bailey 
instrument you use to record variables is 


designed to accommodate plug-in control units. 


When you use a Bailey Recorder, you can build 
your instrumentation along with your process. 
At the start, you use only the plug-in units for 

. epee! recording. Then you add plug-in controls as 
Units added to : . ’ © . itn 


Recorder-Controlier Sree gan O. you see the need for them. 
as needed is . 
For the complete story of how you can use a 


Bailey Recorder for step-by-step automation, 








see your Bailey Engineer. 0-434 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD ° CLEVELAND 10, OHIO 


in Canada— Bailey Meter Company Limited, Montreal 
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KEARFOTT 
ANALOG-TO-DIGITAL 
CONVERTERS 


TRANSLATE SHAFT ROTATION 
INTO ELECTRICAL AND VISUAL 
DIGITAL FORM 


KEARFOTT DIRECT DRIVE ADAC 

is a shaft-positioned analog-to-digital device 
utilizing coded drums, interconnected by 
high-speed odometer type gearing to provide 
an electrical impulse representing shaft 
position. Available for a wide variety 

of capacities and codings 


KEARFOTT MECHANICAL COUNTERS 
are used to provide precise visual 
presentations of angular position, latitude, 
longitude, or any information imparted by 
shaft rotation. Both types are designed 

to provide long life at maximum 

slewing speeds up to 1800 R.P.M 


KEARFOTT LATITUDE COUNTER 


KEARFOTT ANGLE COUNTER 


KEARFOTT ADAC 
KEARFOTT SYSTEMS INCLUDE 
Directional Gyro Compass Systems, 
Three Gyro Stable Plotform Systems 
Inertial Navigational Systems 


Send for bulletin giving data of components of interest to you. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Ave., Clifton. N. J 
Midwest Office: 23 W. Calendar Ave., La Grange, lll. South Central Office: 6211 Denton Drive, Dallos, Texos 
West Coost Office: 253 N. Vinedo Avenue, Posadeno, Calif. 
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POWER SUPPLIES 


GROUND POWER SYSTEM 


Designed for automatic prelaunch 
checkout of missile systems, this 15 
kva_ motor-clutch-generator set pro- 
vides 400-cycle frequency regulation 
of 0.1 percent. A tuning-fork speed 
control regulates an electromagnetic 
clutch between a 60-cps induction 
drive motor and the 400-cps generator. 
Voltage regulation is within | percent 
and the efficiency at 15 kva is 60 per- 
cent.—Varo Mfg. Co., Garland, Tex. 


Circle No. 29 on reply card 


CONSTANT-SPEED DRIVE 


Pictured is a new constant-speed power 
drive designed for computer and con 
trol system applications. The unit will 
deliver 16 oz-in. of torque at a con 
stant speed of 1,000 rpm. Output 
speed is held to within 0.1 percent 
with an input voltage variation of 20 
percent and an input speed of 1,100 
rpm, plus or minus 15 percent. Typi 
cal unit measures 44 in. by 2 in. by 
2 in. and weighs about 1 Ib. Its tim 
ing motor draws 3 watts at 28 vd 
M. Ten Bosch, Inc., Pleasantville, 
N. Y. 

Circle No. 3Q on reply card 


MAGAMP CONTROLLED 


A new regulated de power supply with 
silicon rectifiers features magnetic am 
plifier control and a_ ferromagnetic 












GD700 SERIES 


ed 
Pre 
Meee, LR SERIES 
= + 
SS : La P ua 
— : a “¥ 


Victor Regulators control 
high pressure gases...safely and accurately 


GD700 SERIES for testing pneumatic components or operating gas LR SERIES Loading Regulators for “dead end” and 
systems. Gas-0-Dome primary regulator is controlled by a relief venting, low capacity testing (2 sfcm.) of pneumatic com- 
high pressure, spring loaded regulator. This combination offers you ponents, or for operating gas systems. Will hold 
precise regulation for both low or high volume applications. dead-end pressures without leakage—also will 
PS! MAX. PS! OUTLET GAUGES (integral or hold supply pressure even when inlet pressure 
MODEL INLET RANGE pane! mounting) decreases 
GD710 7000 400-7000 10,000-10,000 . “nian macnn 
GD711 7000 200-3600 10,000- 5,000 L 
GD712 7000 200-2000 10,000- 4,000 oa pase = 
GD713 7000 50- 800 10,000- 1,000 LR208 se 40-7000 
GD714 7000 10- 150 10,000- 200 LR19B 7000 20-3600 


LR18B 7000 15-2000 
GD700 3600 200-3600 5,000- 5,000 ipiz7p 7000 10. 800 
GD701 3600 200-2000 5,000- 4,000 bagp reas *. aan 
GD702 3600 50- 800 5,000- 1,000 

GD703 3600 10- 150 5,000- 200 


Flow: Approx. 300 scfm. Leakage: None. 
Operating temp. range: —67° F to +200° F (Storage —80° F) Leakage: None. 


Operating Temp. Range: —67° F to +200° F 
(Storage —80° F) 


BOTH GD700 AND LR SERIES are field proved. They regulate all non-corrosive gases, including oxygen. 
Forged bronze bodies; stainless steel trim; Kel-F seats; internal filters; built-in adjustable relief. Proof 
pressure 2 times rated pressure; burst pressure 3 times rated pressure. Panel mounting. Stainless steel 
models available for corrosive gases. For complete specifications, write us today. 


VICIOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac- 
ing rods, blasting nozzies; cobalt & tungsten castings; straightline and shape cutting machines. 


844 Folsom St., San Francisco 7 »* 3821 Santa Fe Avenue, Los Angeles 58 + 1145 E 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 








potentiometers / gyro instruments / airborne products 
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MODEL 314 HIGH TEMPERATURE 
SUBMINIATURE POTENTIOMETER 


The Daystrom model 314 operates in temperatures from —55C 
to +250C withstanding shock to 20 G’s in 3 axes and vibration 
from 20 G’s to 2000 CPS. Meets MIL-E-5272 and other speci- 
fications for airborne applications. 

s1zE: Dia. 0.5 inches... Length *s inches 

WEIGHT: 9.8 Grams 

POWER RATING: 2)% watts at 40°C 

LINEARITY: (best practical) 0.5% 

Total resistance: 502 to 25K (variations available on request) 

Resistance tolerance: +5% 

For further information contact the representative in your area or 
the factory direct. 
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openings exist for highly 
qualified engineers 


STROM PACIFIC 


a division of DAYSTROM, INC. 
9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA 


In Canada: Export: 

DAYSTROM LTD. DAYSTROM INTERNATIONAL 
840 Caledonia Rd. 100 Empire Street 

Toronto 10, Ontario Newark 12, New Jersey 


NEW PRODUCTS 


overload protection circuit. This de- 
sign completely eliminates the one- 
time fusing normally associated with 
silicon units. 
Characteristics: 
Input: 115 vac, 60 cycle 
Output: 5-30 vde, 40 amp 
Regulation: within 0.5 percent 
Ripple: 1 percent 
Gates Electronic Co., New York. 
Circle No. 34, on reply card 
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(32) United Electrodynamics, Pasa- 
dena, Calif., has added to its line of 
modular components a transistorized 
dual de voltage regulator for missile 
and airborne telemetry. . . . (33) The 
REL-203 Power Supply, designed by 
Rheem Mfg. Co., Rivera, Calif., uses 
an r-f filter to protect radio equipment 
from interference. . . . (34) Dressen- 
Bames Corp., Pasadena, Calif., is now 
marketing a multiplier phototube 
power supply with an output of 800 
to 2,000 vdce at 0 to 25 ma. 


Circle No. 32, 33, or 34 


on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


ROTARY ACTUATOR 


This new rotary actuator shown with 
front plate and back cover removed, 
uses a small, high-torque motor cou- 
pled through anti-backlash gears to a 
limit switch and potentiometer drive. 
Standard models operate at $ to 150 
rpm, and produce up to 150 Ib-in. of 
torque in from 3 to 30 turns. Motor 
provides high acceleration and, with 
proper external circuit, dynamic brak- 
ing. Potentiometer may be used to 
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Re-Cycling Timers 


Timers for Automatic Control 
... Standard or Special? 


You'll get quick deliveries 
from Industrial Timer 


If slow deliveries of timers have been delaying you in your 
automatic control projects, try us! True, your problem may 
be different and difficultindeed, for no two automatic con- 
trol jobs are exactly alike. But our record in helping out in 
situations like these is excellent. For in this field we have a 
valuable background, twenty years of timer experience to 
be exact, that has provided us with the special knowledge 
required to supply our customers with the right answers. 


How do we do it? The answer is in what we believe to be 


our customers, we manufacture a 


the 


Timers, Re-Cycling Timers, Interval Timers 


Meters. From these our timer engineers have 


four broad classifications illustrated 


basic types which they have so far combins 
different ways. Therefore—many jobs that wc 


require a special timer, are in fact, a standard time 


And our large stock assures you of rapid deliveries—even 
when we have to create a brand new timer for your special 
needs. So why not send us your specifications. You'll get a 


prompt reply and you may save yourself much lost motion. 


INDUSTRIAL TIMER CORPORATION 


1419 McCARTER HIGHWAY, NEWARK 4, N. J 


AFFILIATE-——LINE ELECTRIC COMPANY 
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MODERN TESTING METHODS Assure Product 
Reliability and Quality for Jefferson Electronic 


DIT-MCO Circuit Analyzers Automatically Detect Finite Flaws 
in Highly Complex, Multiple Interconnected Circuitry 


A simple, efficient system for planning, per- 
forming, controlling and recording the com- 
plete test cycle of any electronic or elec- 
trical circuitry has been developed by DIT- 
MCO, Inc., Kansas City, Missouri. This revo- 
lutionary concept can virtually eliminate 
electrical circuitry errors, both in assembly 
line and custom manufacturing operations. 
In action at the Jefferson Electronic Prod- 
ucts Corporation, of Santa Barbara, Cali- 
fornia, it provides the exacting quality con- 
trol and reliability which have helped to 
make the company’s products famous. In 
addition to quality control and universal 
application, the system improves interde- 
partmental communications, facilitates co- 
ordination and provides up-to-the-minute 
test information at any stage of planning, 
production or maintenance. 


This new testing system is built around the 
DIT-MCO Circuit Analyzer, a highly ac- 
curate, automatic circuit tester which makes 
rapid, sequential tests of any complex, 


multiple interconnected circuitry. The basic 
model tests up to 200 circuits in twenty 
seconds, and test capacity can be enlarged 
to any required degree by adding multiplier 
sections. It detects potentially dangerous, 
finite wiring flaws by simultaneously testing 
one wire against all others commoned to- 
gether ... without special connections. All 
external resistive devices are automatically 
energized and functionally tested, and cir- 
cuits connected together at common ter- 
minal points are thoroughly checked. The 
Analyzer never requires internal modifica- 
tion and easily adapts to any test by use 
of adapter cables. The exclusive DIT-MCO 
Matrix Chart pinpoints error location, cir- 
cuit number, type and amount of fault, 
enabling technicians to make corrections 
without reference to manuals or diagrams. 
Standard, telephone-type components give 
years of trouble-free service with minimum 
maintenance. Nontechnical personnel easily 
master operation with less than one-half 
hour’s instruction. 


FREE! “Modern Testing Methods” booklet! 


“Modern Testing Methods” tells how DIT-MCO’s comprehensive 
electrical or electronic testing system can save time and increase 
the reliability of your product. It offers a practical, tested plan 
fore standardizing and improving your testing methods. It’s yours 
for the asking, without obligation. Send your name, title, and 


company address to: 


DIT-MCO INC. exectronics vivision 


Box 07-32, 911 Broadway 


Kansas City 5, Missouri 





Partial List of DIT-MCO Users: 


Aircraft Radio Corp. @ AiResearch Manufacturing Co. @ American Bosch Arma Corp. @ American 
Machine & Foundry Co. @ American Motors @ Amphenol Electronics Corp. @ Autonetics, A Division 
of North American Aviation, Inc. @ Bell Aircraft Corp. @ Bendix Aviation Corp. @ Boeing Airplane 
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair @ Douglas 
Aircraft Co., Inc. @ Dukane Corp. @ Electronic Products Corp. @ Fairchild Aircraft Division 
@ Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc., 
Mechonical Division @ General Precision Laboratory, Inc. @ Goodyear Aircraft Corp. @ Grumman 
Aircraft Engineering Corp. @ Hazeltine Electronics Division, Hazeltine Corp. @ Hughes Aircraft 
@ International Business Machines Corp. @ Jefferson Electronic Products Corp. @ Lockheed Aircraft 
Corp., Missile Systems Division @ Martin, Baltimore @ Minneapolis-Honeywell, Aeronautical Division @ 
Motorola, Inc. @ Northrup Aircraft, Inc. @ Pacific Mercury Television Mfg. Corp. @ Radio Corp. of 
America @ Radioplane Co. @ Raytheon Manufacturing Co. @ Servomechanisms, Inc. @ Sikorsky 
Aircraft @ Sperry Gyroscope Co. @ Summer’ Gyroscope Co. @ Sun Electric Co. @ The Swortwout Co., 
Autronic Division @ Temco Aircraft Corp. @ Thompson Products @ Topp Industries Inc. @ Trans World 
Airlines @ U. S. Naval Air Station Overhaul and Repair Depots @ U. S. Naval Ordnance Laboratory, 
White Oak @ Vertol Aircraft Corp. @ Western Electric Co. @ Westinghouse Electric Corp. 
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NEW PRODUCTS 


feed back a position signal to either 
an indicator or a servo system.—United 
Hydraulics, Inc., Dayton, Ohio. 


Circle No. 35 on reply card 


COMPACT TORQUE MOTOR 


Featuring high performance at rela 
tively low cost, this new torque motor 
will operate completely immersed in 
anv mineral-based hydraulic field. De- 
signed to actuate hydraulic servovalves 
and similar devices, it boasts the fol- 
lowing 

Characteristics: 
Input power: 4 watts 
Output force: +15 Ib at midposition 
Output stroke: +0.02 in., nominal 
Hysteresis: 2 percent, nominal 
Size: 4 in. by 3} in. by 2} in 
-American Measurement & Control, 
Inc., Waltham, Mass. 


Circle No. 36 on reply card 


FOR LOW FLOWS 


Developed for aircraft and missile 
applications, the Series 5214 single- 
stage electrohydraulic servovalves com- 
bine high-speed response with a rela- 
tively low power output. Their simple 
direct drive and dry torque motor de- 
sign provide exceptional reliability 
with flow outputs under 1 gpm. Mod- 
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AiResearch units power the contro/s of 


America’s most potent defense weapons 
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Key defense and population centers are now 
being ringed with batteries of Army Nike 
Hercules missiles to deter or destroy aggressors 
Supplying power for flight controls is the 
AiResearch auxiliary power unit pictured above, 
now in production. 

As a member of the Army-industry team pro- 
ducing the Nike Hercules (Army Ordnance. 
Western Electric-Bell Telephone Laboratories 
and Douglas Aircraft), AiResearch was chosen 
to design, develop and manufacture this vital 
accessory power source for the missile because 
of nearly two decades of experience in light 
weight turbomachinery. 

This experience includes applications utiliz 
ing solid propellants, liquid mono-propellants 
bi-propellants, atomic power, cryogenic gases as 
well as gasoline and air. AiResearch’s ability for 
high capacity production as well as in research 
and development, made it the logical choic« 

Garrett’s AiResearch divisions have 

es designed systems and components for 18 
y missiles and rockets in the U.S. defense a 


We invite your inquiries, 


NTATIVES 


THE €-7 .\ i ijaas CORPORATION 
8: AiResearch Manufacturing Divisions 
Li *hoenix, Arizona 


{ngeles 45, California « F 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC CLEAR AND INDUSTRIAL APE 
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Model 121-A 


Hycon Eastern Ultra Stable Oscillator, Model 101-C, is 
a one megacycle signal source of proven exceptional stability. 
It is useful wherever precise time measurements or frequency 
control are required, as in reinsertion of carrier in suppressed 
carrier systems, astronomical measurements, navigation systems, 
geophysics or other critical applications. 

Auxiliary highly stable outputs covering the spectrum from 
sub-audio to microwave can be made available through the use 
of Hycon Eastern FREQUENCY DIVIDERS, MULTIPLI- 
ERS, AND PHASE-LOCKED OSCILLATORS. 


Write for Ultra Stable Oscillator Bulletin. 





FREQUENCY STABILITY: Drift rote less than 1 part in 10° 
per day after initial stabilization. 

FREQUENCY; 1 megacycle, variable over a range of | cycle. 
Available at other frequencies on special order. 

CRYSTAL OVEN: Stabilized to better than 0.01°C by temper- 
ature-sensitive resistance bridge and high-gain heater control 
circuit. 

DISSIPATION IN OSCILLATOR CRYSTAL: Stabilized at a power 
level less than one microwatt to insure ultimate stability. 

2 OUTPUTS: Sine wave—4 Volts RMS; Pulse—1 Voll. 

OUTPUT IMPEDANCE: 250 Ohms nominal. 

POWER REQUIRED: 150 Volts, 100 MA, Regulated DC, and 6.3 
Volts, 3 Amperes, AC or DC. (Matching Power Supply available). 











HYCON EASTERN, INC. 





rE 75 Cambridge Parkway Dept. J Cambridge 42, Mass. 
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els are available for operation at sup- 
ply pressures up to 3,000 psi. Units 
have a natural frequency of 350 cps 
and a 90-deg phase lag at 350 cps. 
Internal leakage is less than 15 cu in. 
per min.—Lear, Inc., Elyria, Ohio. 


Circle No. 37 on reply card 


(38) Skyvalve, Inc., Syracuse, N. Y., 
is currently producing some 48 differ- 
ent solenoid valves for use in high- 
pressure hydraulic and pneumatic sys- 
tems on aircraft, missiles, and rockets. 

. (39) A low-cost line of solenoid 
valves for general industrial applica- 
tions has just been announced by 
Jackes-Evans Mfg. Co., St. Louis, Mo. 


Circle No. 38 or 39 on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


MOISTURE MONITOR 


The Type 26-302 Moisture Monitor, 
shown above, will measure water con- 
tent in gaseous mixtures down to 10 
ppm full scale, and permit precise 
meter readings over the range of 0 to 
20,000 ppm by means of a six-position 
attenuator. Output can be telemetered 
to a remote recorder for monitoring 
or controlling such things as humidity 
in wind tunnels, dew point in fur- 
naces, and atmospheres in driers. The 
unit operates on a 105-to-125-volt, 50- 
or 60-cycle supply, but can also be 
used with a battery pack when no elec- 
tric power is available-—Consolidated 
Electrodynamics Corp., Pasadena, 
Calif. 

Circle No. 40 on reply card 
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Dr. Barkley, with 19 years experience in research and re- 
search management, directs and plans all activities listed 
at right—but still finds time for fishing and golfing only 
minutes from home. Dr. Barkley is one of the reasons 
our customers say, “At General Mills, we get results.” 
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In research—meet a man who gets resui/ts ... 


This General Mills scientist could be solving 
one of your major problems right now 


He’s Dr. John Barkley, our director of research. Like all our people, Dr. Barkley works 
and lives in an atmosphere that is conducive to creative thinking. 

The research department he directs is staffed with highly capable scientists—including 
several with national and international reputations in their special fields. Our facilities are 
modern, efficient and well equipped for carrying out basic studies in frontier fields of science. 

Our research activities cover broad areas in physics, chemistry, mechanics, electronics and 
mathematics. Some of the studies representative of these activities are: 

Solid state physics investigation Rheology 

Special and ultra-pure materials Physical Chemistry 

lons in vacuum Applications of plastics 
Sputtering by bombardment Radiation research 
Electron physics Magnetic phenomena 
Surface electron microscopy Plasma dynamics 
Surface phenomena lon dynamics and propulsion 
Optics Geophysics 

Particle mechanics High altitude physics 
Lighter-than-air vehicle concepts Physical instrumentation 
Meteorology Information theory 

We team this research with engineering and fine precision manufacturing to serve the 
nation’s most exacting customers. We'd like to serve you. 


General 


MECHANICAL DIVISION | Mills 


1620 Central Avenue « Minneapolis 13, Minnesota 










NOTABLE ACHIEVEMENTS AT JPL 


FROM OUTER SPACE VIA EXPLORER | AND lll 


Since the successful launchings of the Explorer | and Ill 
Satellites under the joint cooperation of the Army Ballistic 
Missile Agency and JPL, literally, bales of information on 
conditions outside the earth's atmosphere have been trans- 
mitted earthward from both satellites. 

This information on cosmic ray activity, micro-meteorite 
density, and radiative heat flux is providing valuable new 
and accurate data of immense value to scientific research. 
Explorer Ill with its more sophisticated instrumentation is 
producing more complete data than Explorer |. This is 
partly due to the wider range of altitudes traversed by the 
orbit of Explorer Ill, but principally due to the presence in 
Explorer Ill of atape recorder. Designed by Dr. Van Allen of 
the State University of lowa it is no larger than a cigarette 
package and is capable of transmitting two hours of col- 
lected cosmic ray information in a space of five seconds. 

The Laboratory is proud to have been chosen by the U.S. 
Army to spearhead this vital activity and to acknowledge 
the highly constructive efforts of many individuals and 
organizations who have cooperated with its own staff. 


NOW OPEN IN 
THESE FIELDS 


CAREER 
OPPORTUNITIES ) ELECTRONIC, MECHANICAL, CHEMICAL, AERONAUTICAL 


ENGINEERING * PHYSICS AND MATHEMATICS 
U.S. Citizenship Required 


JET PROPULSION LABORATORY 


FORNIA INSTITUTE OF TECHNOLOGY 


PASADENA * CALIFORNIA 
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| NEW PRODUCTS 


COMPONENT TESTER 


Pictured is the Model BT-1 test unit 
for back current, saturation, or reverse 
testing of germanium or silicon semi- 
conductors. It features a mirror-back 
l-percent meter in a fully protected 
electronic circuit, regulated power 
supplies, keyboard metering, and re- 
corder output. 
Characteristics: 
Output voltages: four; 0-100, 0-1,000, 
and two 0-300 volts 
Line and load regulation: within 0.1 
percent 
Ripple: less than 1 percent 
Meter ranges: 0-1,000, 0-300, 0-100, 
0-30, 0-10, and 0-3 volts, ua, or 
mya 
Trans Electronics, Inc., Canoga Park, 


Calif. 
Circle No. 44, on reply card 
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READABLE TO 0.01 DEG C 


Sensitive to a few thousandths of a 
degree, this direct-setting thermo- 
regulator simplifies high-precision tem- 
perature control. The device combines 
the displacement principle of the 
ultramicro buret with a glass spiral 
U-tube. A micrometer screw accurately 
measures the displacement of a stain- 
less steel plunger entering an exact 
mass of mercury and operates a me- 
chanical counter, which reads the ex- 
act temperature. A larger, secondary 
plunger adjusts the range of the in- 
strument between minus 35 to plus 
200 deg C in 100-deg intervals. Coun- 
ter covers 100 deg C in 0.02-deg divi- 
sions. Readability is within 0.01 deg 
C and absolute accuracy within 0.1 
deg C.—Emil Greiner Co., New York, 
N. Y. 

Circle No. 42 on reply card 





““We insist on the Philbrick amplifier PHILBRICK OPERATIONAL AMPLIFIER... USA-3 
9 More performance per dollar than any other amplifier. 

for our new package , says Philbrick Highly reliable — no electrolytic capacitors or glow tubes. 
— Designed to prevent self-destruction even when the output 


HERE’S PHILBRICK ON PHILBRICK is grounded. Drift, noise, offset under 100 microvolts. Output 


is + 116 VDC. Wide frequency range— DC to 100kc (attenu- 
he | U4 . . tion less than 3db) when connected as a gain-of-ten ampli- 
We use only the finest components in atten tone )w 


fier. 7” x 24%" printed circuit board mounts - 
our products. That’s why we insisted a ee —— 
on Philbrick’s new USA-3 Operational 
Amplifier as a sub-assembly for our new 
Analog Package, the UPA-2. We have 
found it (the USA-3) nifty and thrifty. 
We recommend it without reservation. 


And that goes for the UPA-2 — too.” 





PHILBRICK UTILITY PACKAGED AMPLIFIER. . 


Combines new level of flexibility an 


haracteristics same as the 


s package. Can drive 12 


neas 
ent and contr ntir s data re 


wad tusee aiher Sealed enosbions Price $149. 


Write for technical literature and advice on your 


application. 
The analog way is the model way ..... . GEORGE A. PHILBRICK RESEARCHES, INC. 


227 Congress Street, Boston 10, Massachusetts 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 


New Hampshire Ball Bearings, Inc. 


MINIATURE BEARINGS AND 
GEAR DIFFERENTIAL BACKLASH 


(NOTE: We are grateful to W. J. Opocensky, 
Staff Engineer, Librascope, Ine., Glendale, 
California, for his factual report on the part 
played by our bearings in the design of the 
small pe ints differential illustrated below.) 





LIBRASCOPE 3/16” HOLLOW SHAFT DIFFERENTIAL 
uses special duplex MICRO-BEARINGS in ail! gears. 
Specifications are: Working circle 1.090”, Length 
-980”; Input gear hole size .687”, Starting torque 
.2 in. oz. — Maximum backlash 5 min, at 2 in. oz. 


Miniaturization of precision ball 
bearings and gears is well advanced. 
However, putting them together to 
produce a small differential with low 
torque and backlash of five minutes 
or less is no simple task. Loads on 
single pinion differentials and on 
single ball bearings introduce ob- 
jectionable flexibility. So does uncon- 
trolled radial play in ball bearings 
whether used singly or in pairs. 

After considering many designs, 
Librascope selected a two-pinion dif- 
ferential as the most logical type to 
develop. A “hunting tooth” gear ratio 
was also chosen to distribute wear 
evenly. Double bearings preloaded 
were to be used in all gears. 

Special miniature bearings were 
developed to give duplex bearing per- 
formance at a cost only slightly high- 
er than regular catalog prices. 


Dimension “X” in Fig. 1 is coded 
in increments, of .0002” under given 
axial load. 

In Fig. 2 the mounting distance 
“M” of the bevel gears is known. With 
the new bearing dimension “x” it is 
possible to determine the “spider” 
dimension “D”. This provides the 
desirable mounting distance of bevel 
gears without shims. 


To obtain maximum distance be- 
tween raceways in limited space, nar- 
row unshielded bearings were select- 
ed. To provide dust protection for 
the bearing a thin shim slightly small- 
er than the I. D. of the outer bearing 
race is used between bearing and 
Truare ring. Truarcs are stainless | 
steel double-disc-ground to various 
specific dimensions. With all dimen- 
sions controlled, bevel gears are ac- 
curately located from the pinion shaft | 
hole, and any desired preload in the | 
bearing can be obtained by selecting | 
a Truarce of proper thickness. 

Control of radial play of bearings | 
in pinions presented a_ different, 
though similar, problem. Space limi- | 
tations in the pinion are much more 
severe than with bevel gears. Fig. 3 | 
shows how Librascope solved the | 
problem. Dimension “X” is coded in 
increments of .0001” with a given 
axial load, from inner race to outer 
race opposite the flange side on the 
one hand and opposite the ball retain- 
er side on the other. A precision shim 
is used between outer races of the 

two bearings. 

L—SHIM By selection and 

use of new coded 
dimensions, any 
desired preload 
of bearings is 
obtained by fit- 
ting bearings to 

ra. 3 the shim. 

To keep bearing races in mutual 
contact, another novel idea is used, 
Each pinion has its own adjustable 
shaft. The outside end of the pinion 
shaft is fitted with a Truarc. This | 
rests against inner race of outside 
bearing. To overcome the limited ad- 
justment of shims and expensive la- 
bor costs, a unique adjustable washer 
is used. By: means. of a special tool, 
each pinion may be adjusted for any 
desired amount of backlash. Bearings 
are held at preload by. adjustable 
washer and Truare. A _ clamping 
means secures pinion shaft to 
“spider”. 

The Librascope differential design 
makes possible “5 minute” differen- 
tials at 2 in. oz. loads. Measurements 
are taken at eight equally spaced 
positions for one full turn of the 
“spider”. The maximum backlash re- 
corded determines classification of 


differential. 


DESIGN HANDBOOK 
oD 











OFFERED FREE 
You'll find this 70-page 
authoritative publica- 
tion helpful in solving 
problems in design- 
ing instruments of 
small electromechani- 
cal assemblies. Write: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 
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NEW PRODUCTS 


COMPONENT 
PARTS 


oe 
WEIGHS JUST 14 OZ 


Small, light, and rugged, the tiny tran- 
sistorized servo amplifier pictured here 
can deliver up to 2.5 watts and drive 
a variety of servomotors. The unit is 
highly resistant to shock and vibration 
and so particularly suited to high 
speed aircraft and missile applications. 
Suitable external resistors will vary the 
gain anywhere between 150 and 1,000. 
Power gain is 62 db, voltage gain 43.5 
to 58 db, and gain stability within 2.5 
db.—Kearfott Co., Inc., Clifton, N. J. 


Circle No. 43 on reply card 


TIME SAVING KIT 


This new servo system construction 
kit, says the manufacturer, has several 
advantages over older methods. Chief 
among these is a 90-percent reduction 
in construction time and the finished 
system’s adaptability as an operational 
unit. For typical application, see CtE, 

a "58, p. 133.—Gap Instrument 

Corp., Freeport, N. Y. 


Circle No. 44 on reply card 


TOROIDAL TRANSFORMERS 


Designed for transistorized dc-to-de 
or de-to-ac converters, a new line of 
toroidal transformers features power 
ratings to 120 watts, input voltages of 





KEEP UP-TO-DATE ON MAGNETICS 


Just published =-bobbin core 
guaranteed performance limits! 


We have just published new data which will light the way 
to ease, sureness and accuracy for the designer who works 
with tape wound bobbin cores. 


First—and this is a “first”’—we have published guaranteed 
maximum and minimum performance limits for all of our 
bobbin cores. Computer-type designers who would like open 
circuit characteristics, guaranteed core flux and guaranteed 
squareness will find them all here. 


Second—and this too is a “‘first’”—we have published the first 
fundamental data on characteristics of bobbin cores for cir- 
cuit designers. Need core total flux characteristics as related 
to core material? Want switching time vs drive levels? How 
about typical spreads of core characteristics? It’s all yours. 
Third—and this too is a “‘first’”—we automatically give you 
test data for prototype orders. With your prototype cores 
come open-circuit outputs, total flux, and squareness data. 
You get a basic understanding of the core’s characteristics 
under specific test conditions. More important, when you 
re-order production quantities, you will be able to duplicate 
the core around which you designed your circuit. 


Last—but still a “first” —to show that we manufacture as well 
as publish, we have designed the first bobbin core protective 
cap which will permit normal potting procedures for all 
sizes of steel and ceramic bobbins. Our “Poly Caps” have 
virtually no effect on dimensions—and will not soften or de- 
form under manufacturing or operational temperatures. 
We'd like to show you samples. 


At what stage do you want to start? Whether it's design data, 
prototype data and cores, or production quantities of our 
“Performance-Guaranteed” bobbin cores—you can get what 
you need by writing Magnetics, Inc., Department CE-48, 
Butler, Pennsylvania. 


sca 
MAGE TICS inc. 
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The amplifier 


you have been waiting for... NEW PRODUCTS 


6, 12, and 24 vdc, and output voltages 
to 600 volts. Basic power transistor 
switching transformers, designed for 
multiple-tap power transformers, are 
also available for transistors of differ- 
ent power ratings.—Polyphase Instru- 
ment Co., Bridgeport, Pa. 


Circle No. 45 on reply card 


EPSCO DA-102 


Wi BD) ic ~ RAR By CONTROL REACTORS 
A complete line of control reactors for 
Di ~ = E- Soe - hw : [Al magnetic amplifiers includes 48 stand- 
ard units covering from 15 to 450 


watts. Sensitivities range from 1.5 to 

LOW-LEVEL DC AMPLIFIER 3 ampere-turns in four separate se- 

: oe 3 ries. Both 117-volt and 240-volt mod- 

Designed for applications involving either dynamic or quasi-static els are standard.—Chicago Magnetic 
data, the Epsco DA-102 is a wide-band, chopper-stabilized, differen- Cota Chines &- z 

tial DC Amplifier with very high open-loop gain. The differential input nity 

isolates the signal source, minimizing errors due to stray ground 

currents, hum and pick-up. 


Circle No. 46 on reply card 


Compare these specifications: 

6.5u volts noise at 10 KC e 200,000 to 1 DC common mode rejection e 

up to 50,000 to 1 AC common mode rejection « less than 2 volts per (47) Plug-in printed circuit bales for 
day short term drift ¢ 3 db response at 20 KC for a gain of 1000 e logic systems are now available from 
0.1% stability e +20 volts DC single-ended output « up to 40 ma Skiatron Electronics & Television 
output current e 0, 100, 200, 500, 1000, 2000 gain settings Corp., New York. . . . (48) Stainless 


Complete specifications on request. Portable and rack mounting steel construction with high nickel 
models available now for immediate delivery. laminations provides extreme corrosion 
resistance in a new line of synchros, re- 
solvers, and linear transformers rc 
cently announced by Induction Motors 
Corp., Maywood, Calif. . . . (49) Elec- 
e low-level differential amplifiers tro Measurements, Inc., Portland, 
e high-speed electronic multiplexers | Ore., is producing a compact, panel 
aquick-look osgilegraph recorders mounted ac voltage divider with a 
* voltage-digital ¢onverters linearity that rivals that of laboratory 
e magnetic core buffer storage units standards. . . . (50) New equipment 
* transistorized logic circuits for breadboarding and test of servo 
and instrument mechanisms has just 
been introduced by Precision Mechan- 
isms Corp., East Meadow, N. 


€, S$" O (51) Only size-8 servomotor capable 
‘ of operating at 115 volts is now offered 
— First in data control | by Helipot Corp., Newport Beach, 


Calif. 


EPSCO SYSTEM BUILDING BLOCKS 


Epsco, Incorporated, 586° Commonweélth AVe., Boston 15, Mass. For service in the West: Circle No. 47, 48, 49, 50, or 
Epsco Service Corp. of California, 1722 Westwood Blvd., Los Angeles 24, California 51 on reply card 
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OIL MOTORS & PUMPS. Tuthill 
mp Co. Catalog 11, 4 pp. Covers the 
rmax s¢ ulic pumps (ca- 


n; continu 


ries of hydra 
i; speeds 
ic motors (con 
psi). Includes 
ormance curves. 
1) VIBRATION. Consolidated Elec 
rodynamics Corp. Instrumentation News- 
5 pp ‘Two things are of interest 
self and the particu- 
of the one at hand (No. 5 
on vibration instrumentation Last page 
n the CEC mail- 
ing list; first four pages show, by means 
of an illuminating discussion of vibration 
instrumentation, why this might be wise 
102) MINIATURE COMPONENTS 
Grayhill, Inc. Condensed Catalog M-202, 
8 pp. The switches on display here—it is 
essentially a catalog—include the 
pushbutton, rotary tap, and power tap 
variety. Information includes characteris 
tics, dimensions, and what appear to be 
actual-size photos. Test clip adapters and 
binding posts also described. 


(103) MAGNETIC MODULATORS. 
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Photos and drawings fill out coverage 
105) MERCURY SWITCHES. Gardos 
Corp. Bulletin, 8 pp. Twenty-one switches 
get the full tr } yp 
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106) PYROMETER SUI 
apolis-Honeywell Regulator Co. Buyers’ 
Guide G100-8, 54 pp. This big bulletin 
covers Honeywell's complete line of ther 
mocouple accessories for measuring tem 


perature. Some of the thermocouple cate 
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cations. Among the last: electrical and 
chemical engineering, chemistry, photom- 
etry, photography, and medicine. 

(110) CONTINUOUS TITRATION. 
Milton Roy Co. Data Sheet A-58-2, 4 pp. 
Where control by pH, conductivity, or 
specific gravity is out of the question, says 
this bulletin, the solution may be titra- 
tion. It then gives a complete description 
of the Dow-Hart Titrator, a Dow Chemi- 
cal Co. development that uses several 
Milton Roy components. 

(111) TWO MANOMETERS. Wallace 
& Tiernan, Inc. Bulletins TP-15-A-6 and 
TP-30-A-6, 4 pp. each. Deal with Type 
FA-129 (aneroid) for transducer calibra- 
tion, altitude and wind-tunnel tests, and 
environmental test work, and Type FA-145 
(dial) for dynamometer tests, pneumatic 
load cell indication, and leak tests on 
pressurized vessels, and as a Machmeter. 
(112) INSTRUMENTING WATER 
TREATMENT. Fischer & Porter Co. 
Bulletin 90-130-25, 6 pp. F&P author 
Arthur L. Landesman, manager of the 
Pulp & Paper Dept. at Hatboro, Pa., tells 
how instrumentation of water and waste 
treatment improves efficiency, reduces man- 
power, and saves raw materials. 


(113) FLOAT VALVES. Atlas Valve Co. 
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Bulletin FV 4-58. One sheet. Describes 
two auxiliary-actuated float valves (types 
214 and 216), single-seated, piston-oper- 
ated units that control liquid levels to 
within l-in. limits and provide tight 
closure for dead-end applications. Ir 
pressure range: 15 to 150 psi. 

(114) REMOTE CONTROL. Lear, Inc 
Bulletin EM-302, 4 pp. Covers the Elec 
trolink system for industrial automation 
Ingredients: a combined controller-ampli- 
fier and a servo drive. Functional diagram 
shows how a manual movement is con- 
verted into an electrical error signal, whose 
polarity determines which of two magnetic 
powder clutches will be actuated in the 
servo drive 

(115) BUFFERS FOR STORAGE 
Telemeter Magnetics, Inc. Bulletin, 4 pp. 
Tells about a series (1092) of reliable and 
flexible magnetic-core buffers for te mporary 
or intermediate storage. These transistor- 
ized units give the necessary compatibility 
to heterogeneous digital systems. The 
series number comes from the number of 
characters able to be stored 

(116) COMPUTER-GRADE CAPACI 
TORS. General Electric Co. Bulletin 
GEA-6819, 6 pp. Says anodes in these 
“super-pure” capacitors use 99.99 percent 


7 
t 


aluminum foil in every rating, thus assur- 
ing less high and low leakage currents, 
longer life. Ambient erature range is 
minus 20 to plus 65 x C. Tables and 
graphs cover materials, performance speci- 
fications, etc. 

(117) CHOPPERS. James Vibrapowr Co 
General Catalog F-2133, 4 pp. First page, 
characteristics; second and third, a chart 
giving tabulated information about 76 
models, and the fourth page, diagrams of 
14 basic designs. Among the specific areas 
referred to: maximum contract rating, fre- 
quency, residual and thermal noise, high 
and low temperature operation 

(118) MAGNETIC CORE TESTER 
Rese Engineering, Inc. Bulletin 57-G, 4 
pp. Describes a modular, current pulse 
generator (pulses up to 2 amp) that de- 
livers programmed pulse chains in a peri- 
odically repeated, basic eight-step pattern, 
for laboratory analysis and production test 
ing of magnetic materials 

(119) RELAYS. Filtors, Inc. Catalog, 20 
pp. This three-color jol vers a complete 
line of hermetically sealed micro and sub- 
miniature relays. Presentation is by way of 
specifications, operational data, anc 
trations and detailed drawings 

(120) THERMOMETERS. Minneapolis- 
Honeywell Regulator Co. Catalog Cé60-2, 
56 pp. This Industrial Div. publication 
deals with a complete line of Brown ther- 
mometers—indicator rd transmit- 
ters, and electric or 1 it ntrollers 
Thermal systems a lescribed. Limits 
are minus 125 to plus | leg F 

(121) VALVE TOMI lumatics, Inc. 
General catalog, 108 pp. We hav 

a copy of this, but it 

plication and operat lata 

mensional drawing presented for 
four-way valves and manifolds, two- and 
three-way line valve il valves and 
manifolds, and pilot and special valves 
Individual sections are tabbed and indexed 
(122) RELAYS. Comar Electric Co. Cat- 
alog 58, 36 pp. Among the types of relays 
covered: general-purpose ac, general-pur- 
pose dc, plug-in, printed-circuit, telephone. 
Total: 33. Catalog with some data 
on contact ratings and ] ] with 
more on solenoids, sv I 

(123) TIPS ON RELAYS. North Electri 
Co. Bulletin, 6 pp. Point t feat 

look for when rT 

clude the sound of tl 

pivots used, and tl ffect of residual air 
gap reduction 

124) ELECTROHYDRAULIC CON 
TROL. Sanders Ass« t n Bulletin 
No. 809, 4 pp. Illustrates a complete line 
of electrohydraulic servovalves and a valv 
production test stand dded feature of 
the bulletin is a che 
developed from experi n both compo 
nent and systems engit 

(125) CURRENT SOURCI 
Rese Engineering, Ir I tin 57-¢ 

pp. Cites design features and lists specifi 
cations of the Model 1050 high-impedance 
current pulse generator init capable of 


hlies 


ations 


current outputs up t ul 
(126) THERMISTOR PR 
Electronics, Inc. Bullet 

Deals with nine specially designed ther 
mistor probe assemblies. Identifies each 
by its most common app! 
vides dimensions and mounting data 


OBES. Fenwal 
EM-13, 4 pp 


ition and pro 





APPLICATION 
LITERATURE 


NOTE: To receive any of the following 
items, the reader should write directly to 
the manufacturer at the address given. 

POCKET-SIZED GLOSSARY. Trans- 
Sonics, Inc., Burlington, Mass. Intended 
as an up-to-date reference guide, this handy 
only 44 by 6 in.) 20-page glossary con- 
tains almost 100 definitions of terms most 
frequently used in the field of tempera 


PLATINUM RESISTANCE THERMOMETER — A vo 
pemtwe meee Gees eterh umhie: the Change = 
seumance of platnwe ewe with temperature gu the meant 
WG Ee tw 


PRESSURE ALTITUDE — 4 womda -sictonimo between 
premiere and oitmde oF Need by —wematona! ageemen 
(ee STANDARD 4 IMOSPHERE 

PRESSURE POTENTIOMETER 
wbach the clectncel ovtpe 
poston of © contact am clong @ reusence clement 


ture and pressure instrumentation. Many 
of them are illustrated with drawings or 
graphs, as a typical page, above, shows 
Although the list is by no means exhaus 
tive and no attempt was made to include 
ordinary dictionary definitions, this little 
booklet should prove quite useful to engi 
neers in the missile, aircraft, or process 
industries 


SUGAR PLANT CONTROLS. Fischer 
& Porter Co.. 550 Jacksonville Rd > Hat 
boro, Pa. Catalog 90-260-10, a 12-page 
illustrated bulletin, covers nearly ever 
phase of instrumentation for the sugar 
cane industry. While many of the pro 

esses described are peculiar to this one in 
dustry, the equipment and control systems 








should be of interest to all engineers con 
cerned with wet process control. Page 3, 
shown here, deals with the control of an 
automatic liming process in which pH, 
retention time, and the lime-to-juice ratio 
must all be controlled. Other interesting 
examples: the instrumentation of a milling 
tandem, a sugar evaporator, and a cane 
seedling treating bath 
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HEATH Electronic Analog Computer Kit 


porates 


* 3 coefficient potentiometers, each capable of being set with extren 


e 15 amplifiers using etched-metal circuit boards for quick assembly 
operation. 


¢ A nulling meter for accurate setting of computer voltages 


e A unique patch-board panel which enables the operator to “see 
block layout. 


HEATHKITS 


FREE 
FOLDER 





HEATH COMPANY 
A Subsidiary of Daystr 
BENTON HARBOR 36. MICH. 


Get the complete computer 
Story from this four-page 
folder, available free! 
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work in the fields of the future at NAA 


ELECTRONICS 
ENGINEERS 


Work on America’s most 
advanced weapon systems 


The WS-L10A and WS-202A 
are typical of the top-level 
projects currently under way 
at North American. NAA’s 
work on these far-advanced 
weapon systems has created 
outstanding career opportu- 
nities for engineers qualified 
in Flight Control Analysis, 
Reliability Analysis, Flight 
Simulation, and Systems 
Analysis. 


We have immediate openings 
in applied research on ra- 
dome development, antenna 
development, infrared, and 
acoustics. 


Minimum requirements are 
actual experience plus B.S. 
and advanced degrees in E.E. 


and Physics. 


For more information please 
write to: Mr.K. G. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


THE LOS ANGELES DIVISION OF N 


NORTH 
AMERICAN 
AVIATION, INC. 
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| AesTRACTS 


Batch Process Control—I 


From “Automatic Controls for 
Batch Processing in the Chemical 
Industry” by K. Hengst. Abstract 
prepared by Sigmund Rappaport, 
project supervisor at Ford Instru- 
ment Co. and adjunct professor of 
kinematics, Brooklyn Polytechnic In- 
stitute. From an article in the Ger- 
man publication REGELUNGS- 
TECHNIC, VOL. 6, No. 2, 1958. 
Subsequent issues of CONTROL 
ENGINEERING will carry two 
more abstracts by Rappaport of 
other articles in the same issue. At 
present we have no information 
about the availability of complete 
English translations. 


Discontinuous processes in the 
chemical industry offer some challeng- 
ing problems in automatic control. 
Quality and uniformity of product 
depend chiefly on rigorous adherence 
to a given set of process conditions. 
Because one faulty link in the control 
chain could very well ruin an expensive 
product, manual override must be 
possible at all times. This presupposes 
highly skilled personnel. 

Pressure and temperature are still 
the principal controlled variables in a 
reaction process. Pressure control in 
batch processes differs very little from 
pressure control in continuous proc- 
esses. In the case of temperature con 
trol, however, several factors peculiar 
to batch processes affect performance 
uniquely. One of these is the time de- 
lay associated with large reaction ves 
sels. Another is the large temperature 
difference that can exist within a tank 
when the product cannot be stirred. 
And a third is the sensitivity of the 














product to local overheating or under- 
cooling. 

The following discussion deals with 
four major control problems in batch 
processing and provides a typical so 
lution to each. 


Charge of raw product 


Today the preparation and charge 
of raw product is still largely a man 
ual operation, despite the fact that 
automatic control will not only pro- 
vide more uniform mixing ratios but 
will safeguard the charging sequence. 
Figure 1 shows a typical arrangement 
for automatically charging a reaction 
tank. First a metering pump loads 
the tank with a predetermined volum« 
of water. A vacuum then evacuates the 
gas space in the tank and nitrogen is 
fed in under pressure. The tank is 
then evacuated again, and more nitro 
gen is added. A third evacuation 
readies the tank for the raw product 
charge. During this time, the raw 
product is automatically weighed. A 
control signal starts the raw product 
on its way to the scale, and a photo 
cell stops it when the desired amount 
1S reached. 


Start of the reaction 


Starting the reaction and heating 
the charge to the correct reaction tem 
perature are problems peculiar to the 
batch Figure 2A shows a 
reaction tank with single temperature 
control. The temperature signal from 
inside the tank is transmitted to two 
control valves that control the flow of 
both steam and water in the heating 
circuit. 

First the temperature ntrol is set 
at the reaction temperature. Initially, 
this demands a high steam-water ratio 
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Satisfactory operation results only 
when a proportional or proportional 
plus-rate type of controller is used. A 
control cont: uning an integral operator 
may not be able to deal with the prob 
lem of overshoot. 

The graphs in Figures 3A and 
based on the system of Figure 2A, 
lustrate this point Figure 3A ac 
sents temperature response when reset 
action is added to the controller, Fig 
ure 3B response with proportional 
plus rate action alone. The disadvan 
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TACHOMETER - © 
GENERATOR 


2.5530 
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DECREASED 
SIZE... 
INCREASED EFFICIENCY 


EAD’s precision size 11, 115-volt motor 
tachometer is now available in a smaller 
package—and achieves improved electrical 
characteristics! It delivers 0.6 volts per 1000 
rpm with 19 millivolts of total null. Lower 
nulls are available. Upper temperature read- 
ing is 150°C. EAD’s new unit is available in 
variations of voltages and power ratings for 
transistor operations, variations in shaft and 
mounting configurations, etc....and may be 
ordered with precision gear heads to your 
requirements. Write for more information. 





375 CENTRAL AVENUE 
DOVER, NEW HAMPSHIRE 
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ARNOUX 
LOX TEMPERATURE PROBES 


Semiconductor Series 7XXXL provide output in 
voits* for a temperature span of only 20 F in the 
liquid oxygen (LOX) temperature range .— also 
can be used with liquid nitrogen, liquid argon, 
and almost any liquified gas from —240 F to 
—320 F range. 

Applications include temperature-stratification 
measurements (temperature gradients through a 
LOX tank), sensing liquid levels in tanks, and 
pipeline measurements during LOX-fueling 
operations. 


*From 0 to 5 vde, used with Arnoux TME § 
or similar equipment 


SPECIFICATIONS 
T range: 240 F pe ete F 
current rating: 3.0 
resistance : —> phone at aA fe 








ARNOUX foremost in TEMPERATURE MEASUREMENT EQUIPMENT. 
TRANSDUCERS, ACCESSORIES AND CUSTOM ENGINEERED SYSTEMS 


11924 WEST WASHINGTON BLVD + LOS ANGELES 66 CALIF 
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ABSTRACTS 


Thermocouple Wires 


Quality * Variety - Delivery tage of single-temperature control may 


be overcome by using cascade control 
and adjusting desired values accord- 
ing to a preset program. The sche- 
matic for such a system is shown in 
Figure 2B. Here, Servo II controls 
the temperature in the steam jacket, 
and Servo I, whose sensing element is 
in the tank, adjusts the setting of 
Servo II. Response curves for this type 
of arrangement clearly show the su- 
periority of cascade control. Product 
temperature is governed by a propor- 
tional-type controller adjustable to 
within 4 deg C by the second con- 
Thermo Electric makes thermocouple and thermocouple extension wires troller. ‘ 
for every possible use—actually over 1500 varieties. Just a few seconds At the start, product temperature is 
with a T-E Wire Catalog will find the exact type you need. Solid and outside the control range and the heat 
stranded conductors are available in all standard calibrations. The most circuit set at maximum. During the 
modern types of insulations will meet all conditions of moisture, chemi- last third of the temperature rise Servo 
cal action, abrasion and high temperature. Our own complete facilities for I comes into action and reduces the 
wire drawing, insulating and calibrating guarantee you unmatched quality. set point of the jacket te mperature 
Prompt delivery on most types from our large stock. his permits product tempe rature to 

Write for New Wire Catalog No. 32-B. be approached without overshoot. 


When the reaction has started, jacket 


Thermo Electric O.Ine temperature is abruptly lowered and 


SAGGAS SEDOE, BSW seRseT t the system epee. ec 7m Fyre 
In Canada THERMO ELECTRIC (Canada) Lid., Brampton, Ont, ay, ge g or ds amg ppeaeteenaid ten 
80 deg C by means of a programming 


ae TT device. During this period, Servo I 
remains within the control range 
In summary, cascade control 
permits close control of the limits 
of the auxiliary control value 
provides a fast control circuit that 
eliminates the influence of short 
disturbances, thus helping to 
* ~ maintain linearity 
t dl smooths out input variations 
transis orize improves performance by virtue of 


a shorter time delay in the auxil 


power iary control circuit 


Reaction periods 


Model 62-121 Su Reaction periods in most batch 
processes are usually at constant tem 
perature and/or pressure, and pro 


the reliability grammed in advance But certain 


characteristics of the charge change 


you ve been wa/ting for! with time; e.g., in the beginning of 


polymerization processes, thermal con 
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This latest Dressen-Barnes power supply is fully transistorized, functioning pe 
without vacuum tubes or magnetic amplifiers. Its circuitry® provides superb ductivity of the charge is comparabk 
regulation, and a high degree of freedom from spikes and transients. Unit to that of water, whereas the end 
is short-circuit proof, and the output is double fused to protect the tran- product is often a good insulator. 
sistors against damage. : , 
TOP COOLING EFFICIENCY — the forced-air cooling system intake is located Discharge of finished product 

on the panel, where it draws an air supply more than adequate to cool the Most of the problems in this phase 
transistors. of batching operations do not differ 
NO DERATING for continuous operation — the output range is 0.5-36 VDC at materially from 
15 amps, with full current available down to 0.5 volts. Extremely low ripple 
...all components conservatively rated for long, trouble-free operation. 
Sold under a one-year guarantee and competitively priced, this power supply 
offers outstanding value. Write for Bulletin on Model 62-121. graphically that fully automatic con 


*patent applied for trol of a batch process will very often 
eee 


aressen-barnes under the most difficult conditions 


DRESSEN-BARNES CORP. + 250 North Vinedo Avenue, Pasadena, Calif. Sigmund Rappaport 


those in continuous 
processes. 
In conclusion, it can be shown 
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Small Computer Controller 


From “A_ Transistorized Digital 
Control System With Precision In 
dication of the Controlled Variable” 

by W. M. Kaufman and T. A. 

Jeeves, both of Westinghouse Re 

search Labs. AIEE Paper No, CP 

58-232, presented at the AIEE Win- 

ter General Meeting, New York, 

Feb. 2-7, 1958. 

The authors describe a flexible digi- 
tal control computer designed to ac- 
cept feedback data in the form of 
variable frequency, provide de output 
signals to actuate control operations, 
and give a numerical display of the 
controlled variable. Logic circuitry 
consists entirely of transistor NOR 


clements (the figure above shows a 
schematic diagram of one of them). 
Individually, they provide an output 
signal only when no signals are present 
at any of their input terminals; com 
bined, any of the normal logical func 
tions can be obtained. 


On Switching Circuits 


From “Non-Binary Switching The 
ory” by Lowenschuss_ of 
Sperry Gyroscope Co. Paper No. 

49.3 presented at the IRE National 

Convention, New York, March 

24-27, 1958 

Switching devices with more than 
two distinct states can be used to de 
sign nonbinary switching circuits, and 
hence nonbinary digital computers. A 
mathematical model (but not a 
Boolean one) must be used. 

Special algebras permit circuit de 
sign and minimization in terms of 
available hardware. Such devices and 
their algebras require functional com- 
pleteness, i.e., the ability to represent 
in closed form any function of several 
variables gives by means of a truth 
table. Methods exist for proving the 
functional completeness of these alge- 
bras. 

An “expansion theorem”, to indi 
cate how any given function of m 
variables can be expressed in terms of 
functions cf m—I] variables, can be 
found for any functionally complete 
algebra that possesses an identity ele- 
ment. 


Oscar 
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CHOPPERS 


Eleven types, 
both single and 
double pole. 


Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 


precision pneumatic 


REGULATORS ior industry 


The facts you need on a complete range of 
pneumatic pressure regulating valves and 
volume boosters. Here is your guide to a 
series of pilot-operated and direct acting 
regulators—in pipe sizes from “% to % and 


¥% NPT...in supply pressures up to 250 psi. 
Fact-filled pages spell out the full story: 
characteristics * pressure ranges, ratios * ap- 
plications— for 16 different models includ- 
ing motor operated and lever set types. 


Write today for the new KENDALL- GOVERNAIRE catalog. 


STRATOS 


INDUSTRIAL PRODUCTS BRANCH 
Route 109,West Babylon, N. Y. 
A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 


Turbo-Expanders and Compressors 
SPECON Variable Speed Drives and Transmissions 
Pneumatic Pressure Regulators 
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CHEMICAL AND PETROLEUM ENGINEERS 


ELECTRONIC ENGINEERS 


PHYSICISTS 


COMPUTER ENGINEERS 


DIGITAL COMPUTERS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company 

is seeking engineers and scientists to participate in the 
design and application of digital computer systems for the 
control of manufacturing processes, especially in the 
petroleum and chemical industries. Staff members work 
on a variety of processes, studying various control 
problems and synthesizing control systems which take 
into consideration the complex factors governing optimum 
process operation. Applicants holding advanced degrees 
in engineering, physics, or chemistry are preferred. 


Those interested are invited to write to the 
Director of Engineering, 


THE THOMPSON -RAMO-WOOLDRIDGE PRODUCTS COMPANY 
POST OFFICE BOX 45067, AIRPORT STATION, LOS ANGELES 45, CALIFORNIA 





COUNTS FAST! 


Hunter Model 122 
Electrical Events Counter 


Counts up to 2,000 
events per second. 


Six digits will 
count to 999,999 


Instant pushbutton re- 
set clears all figures. 


Check up on the new speed and 
accuracy of this new Hunter Electrical 
Events Counter. Write today for full 
details. 


=| HUNTER J= 


MANUFACTURING CO., INC. 
Dept. C. E. 
108 N. Linn Street lowa City, lowa 
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Here’s how you can 


MERCHANDISE 
| YOUR | 


ADVERTISING 


with these handy 9” by 12” folders 








Keep your sales, management 
and distribution people informed 
on your advertising. Circulate pre- 
prints, reprints, schedules and 
other material in these folders, 
and make your advertising dollars 
work over and over for you 


Write for illustrated folder and price list 
Promotion Dept Room 2700 

McGraw-Hill Publishing Co., Inc 

330 West 42nd Street, New York 36, N.Y 








NEW BOOKS 


Notes on Computing 


MoperRN CompuTING MetTHops 

Notes on Applied Science No. 16, 

Dept. of Scientific & Industrial Re- 

search. 130 pp. Published by 

Philosophical Library, Inc., New 

York. 1958. $8.75. 

Based on lectures delivered by mem- 
bers of the British National Physics 
Laboratory, this book offers a brief 
account of computing techniques in 
use today, with particular emphasis on 
the numerical mathematics involved. 

rhe first four chapters discuss “al 
gebraic” problems. Chapter 3 con 
siders the determination of real and 
complex roots of polynomial equa 
tions, while Chapters 1, 2, and 4 deal 
with the basic problems of “linear 
algebra”, the solution of simultaneous 
linear algebraic equations, the inver 
sion of matrices, and the determina- 
tion of their latent roots and vectors. 
Methods included apply to desk ma 
chines as well as to high-speed digi- 
tal equipment. 

Chapters 5 through 9 cover an ilysis 
Chapter 5 introduces the theory of 
finite differences used in Chapters 6 
and 7 to solve ordinary differential 
equations of either boundary-value ot 
initial-value types. Chapter 8 con 
siders the solution of hyperbolic dif 
ferential equations by “characteris 
tics”, and Chapter 9 discusses various 
methods of solving parabolic and el- 
liptic partial differential equations. 

Many problems in linear algebra, 
and the simultaneous finite-difference 
equations, linear or nonlinear (used 
to represent the solution of ordinary 
or partial differential equations), are 
often conveniently solved by the 
methods of successive approximation. 
These so-called indirect methods are 
described in Chapter 10 

Chapter 11 discusses problems in 
the construction of mathematical 
tables and Chapter 12 shows why a 
variety of techniques must be used 
in solving a given problem 

Appendix 1 compensates for the 
lack of detail in certain sections by 
presenting a fairly comprehensive 
bibliography of the most useful books 
and papers on numerical analysis. Ap- 
pendix 2 briefly describes the DEUCE 
high-speed digital machine and _ its 
application to a set of simultaneous 
nonlinear differential equations. 

The third and last appendix con- 
tains a few notes on the operation and 
application of a typical mechanical 
differential analyzer. A second bibli- 
ography, on differential analyzers only, 
follows this short discussion. 








WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make . and costing reliability. Up to date refer 


: ; . . a n u ‘d. 20 cents 
important reference-type editorial material av ailable to © these alla a ee 
Conrrot ENGINEERING readers in convenicnt filable form. _ to-Point Positioning Systems, 72 pp. Thi 
° . <é ~ . 
Some reprints are individual articles, while others are pack- = covers 31 domestic and 
ages’ —several articles published over a period of time that performance characteristics of each system 
logically supplement one ancther in the coverage of a specific are discuseed. Individual part of series are 
phase of the control field. Any reprint can be obtained at Survey of Numerically-Controlled Point- 
the nominal cost listed below by filling in the order form and _to-Point Positioning Systems—III, March 
" ‘ . a rus 955 s detaile descrip- 
sending it, together with remittance, to Readers Service Sem Dg ithe mead — ve 
Dept. Quantity rates will be quoted on request. 40 cents. 
‘am , Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—II, [el 
What’s Available in Flowmeters, 24 pp. teristics, and techniques for custom-de ary 1958, 24 pp. Includ de tailed 
\ comprehensiy overage of positive dis signing controllers for time-based routines scriptions of ten machine tool control s 
placement, velocity, and mass flowmeters, 50 cents ce : tems. >0 cents. ‘ 
including characteristics, applications, and What the Control Engineer Should Survey of Numerically ontrolled Point- 
typical manufacturers; plus details of a Know About Reliability, April 1958, 8 pp to-Point Positioning Systems—I, January 
ial drag disc meter. 50 cents. Not intended as a comprehensive treatise, 1958, 32 pp. Includes detailed descr D 
Selecting and Applying Control Timers, but rather as a guide to aim the control tions of twelve machine t ntt 
24 pp. A compilation of four articles in- engineer in the right direction, this staff- tems. 60 cents : 
luding a tabular description of timer written article discusses the new concept Ready Reference Data Files 24 pp. A 
functional parts, criteria for selecting and of systems effectiveness, and briefly covers must for every control gat library 
ipplying control timers, a tabular listing techniques for measuring reliability, pre- Includes the first 12 data files published 
Sf available timer types and their charac dicting reliability, improving reliability, in Control Engineering—a diversity of 
topics, from system reliability through tl 
cost of industrial temperature-measuring 
Reprint Order Form systems. Each one giv a method of sols 
. ing a particular problem. 50 cents 
Reprint Unit price No. ordered Subtotal Servo Modulators—Their Application, 
see Characteristics, and Availability, 3¢ : 
group of four integrated artic] 
all phases of electromechanical, elk 
solid-state, and magnet 
Typical circuit diagram 
and applications are given for 
plus an 84-item bibliography 
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Flowmeters eo. e 
Applying Control Timers 
Control Systems Reliability 
Point-to-Point Positioning Systems—I, II & III 
Point-to-Point Positioning Systems—III 
Point-to-Point Positioning Systems—II eet aad oie a , 
) Dai >, ae" <temc— sting g nits > cel 
foie Rolteae Dan Pee are The Use of Digital Computers in Sci 
Servo Modulators .. Cte. Fe : ot ee ence, im Business, and in Control, ] 12 
The Uses of Digital Computers... . $3 i pp. A collection of 14 art ge yree 
Analysis Instrumentation—II over a period of two years as the Digital 
Analysis Instrumentation—I ..... ; ; ry! Application Series. Prominent authorities 
Basic Data on Process Control. ..... 5( cover the application, pr 
How to Simulate Dead Time............. , $0 oe all system design, and rcial aval 
Power Amplifiers .... Pi Snr ( ability of digital comput in all phases 
Static Switching Devices......... ; Bia x it of business, industry, and the military. $3. 
Automatic Logging Systems mf eee Analysis Instrumentation — II — Refrac- 
Automatic Machining—A View and a Preview 0.50 ies tometers, Infrared Analyzers, Photometric 
A Systems Analysis Predicts Performance ) cieiwe pws Colorimetry, _ PP This . 
Digital Application Series - es t ~ second group of fc IT al s of 
Programming Scientific Calculators. . $0 ; ere the Analysis Series. ( s 
Controlling a Process iguehia $0.25 + Sey Analysis Instrumentation — I — Nuclear 
Sampled-Data Systems Coy eee wer? Magnetic Resonance, Chromatography, 
Analog-to-Digital Converters......... ive 2 ere Radioactivity, 32 pp. Thi — consists 
Fitting the Digital Computer into Control... 2 ieee or the first four articles of the Analysis 
Digital Data Telemetering.... Instrumentation series: a gi ner i intre 1u 
Basic Digital Series tion to set the stage, and detailed discus 
Computer Logical Design....... oe sions of the three ana _ techniques 
Programming the Computer......... srs at Emphasis is on basic principles, pra tical 
Checking Techniques - ips tips, and the use of these techniques in 
: . automatic process contro]. 60 cents 
: eat _ Basic Data on Process Control, 24 pp 
Readers Servi e Dept., (ConTrot ENGINEERING =" A grouping of five articles on flow-process 
330 W. 42 St., New York 36, N. Y. control, including: Basic Concepts of Feed 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
re ey eae eee to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac- 
Be tical information for every process control 
City & State TEE ee el eee ticipate és engineer. 50 cents. 
How to Simulate Dead Time, 6 
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WHAT'S AHEAD: MEETINGS 


JULY 


1958 Gordon Research Conference on 
Instrumentation, Colby Junior 
College, New London, N. H. 

July 28-Aug. 1] 


AUGUST 


American Institute of Electrical En- 
gineers, 1958 Special Technical 
Conference on Nonlinear Magnetics 
and Magnetic Amplifiers, Hotel 
Statler, Los Angeles, Calif. 

Aug. 6-8 

American Institute of Electrical En- 
gineers, Pacific General Meeting, 
Sacramento, Calif. Aug. 19-22 


SEPTEMBER 


Association Internationale Pour Le 
Calcal Analogue, Second Interna- 
tional Analog Computation Meet- 
ing, Strasbourg, France Sept. 1-9 

International Association for Cyber- 
netics, Second International Con- 
gress on Cybernetics, Namur, Bel- 
gium Sept. 3-10 

American Institute of Electrical En- 
gineers, Power Industry Computer 
Application Conference, King Ed- 
ward Hotel, Toronto, Canada 

Sept. 15-17 

Instrument Society of America, In- 
strument-Automation Conference 
and Exhibit, Convention Hall, 
Philadelphia, Pa. Sept. 15-19 

Association of Iron & Steel Engineers, 
1958 Iron & Steel Exposition and 
Convention, Auditorium, Cleve- 
land. Sept. 23-26 

Institute of Radio Engineers, Seventh 
Annual Symposium on Industrial 
Electronics, Rackham Memorial 
Auditorium, Detroit, Mich. 

Sept. 24-25 


OCTOBER 


National Electronics Conference, 
sponsored by IRE, AIEE, Hotel 
Sherman, Chicago, Ill. Oct. 13-15 

American Institute of Electrical En- 
gineers, Machine Tool Conference, 
Statler Hotel, Hartford, Conn. 

Oct. 13-15 

Society of Industrial Packaging & 
Material Handling Engineers, An- 
nual Exposition, Competition and 
Short Course, Chicago, II. 

Oct. 14-16 

National Conference on Industrial 
Hydraulics, sponsored by Armour 
Research Foundation, Hotel Sher- 
man, Chicago, Til. Oct. 16-17 
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REPRINTS 


Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic-mechanical, 
and the third uses magnetic tape. A use- 
ful reference source for control engineers 
concerned with process simulation. 15 
cents. 

Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles were 
prompted by the increasing control ap- 
plication of transistors as low-power ampli- 
fiers and thyratrons as high-power ampli- 
fiers. In each case the emphasis is on 
practical application, circuit design, system 
stabilization, etc. 50 cents. 

Static Switching Devices—New Tools 
for Industrial Control, May 1957. 28 pp. 


An independent consultant analyzes the 
complete field of industrial static-switch- 
ing systems. Starting off with a review of 
basic switching logic, he covers circuit 
characteristics of the fundamental devices, 
commercially-available systems, actual ap 
plications, etc. 50 cents 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp. 
An examination of the various techniques 
and equipment used in performing the 
eight functions in a generalized automatic 
logging system: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con- 
version, programming and control, alarm, 
and recording or logging. 50 cents. 





Planning Programs 
for World Meetings 


IFAC plots an ambitious tech- 
nical program for the first world 
control congress, scheduled for 
Moscow in 1960. 


Another important notch in inter- 
national control was cut at a spring 
meeting of the International Feder- 
ation of Automatic Control (IFAC) 
in Zurich. Meeting as guests of the 
Swiss Society of Automatics, IFAC’s 
council and advisory group laid out 
plans for technical programs to be held 
through 1960. The plans include par- 
ticipation in the 1958 meeting of the 
Belgian Institute of Regulation & 
Automatic Control and the 1959 an- 
nual September meeting of ISA. But 
chief topic at the Zurich meeting was 
the program for the 1960 Control 
Congress in Moscow. 

With the approval of IFAC, Rus- 
sian hosts for the 1960 meeting have 
prepared an ambitious agenda. It 
covers three main areas. Papers on 
automatic control theory will cover 
discrete data systems, continuous data 
systems, systems using computing de- 
vices, optimalizing, multivariable sys- 
tems, systems including a human op- 
erator, information theory, switching 
theory, stochastic processes, and sim- 
ulators. 

Papers on components and meas- 
urements, the Russians said, will be 
sought covering the design and _per- 
formance of transducers, amplifiers, 
computers, logic elements, regulators, 
telemetry, final control elements, char- 
acteristics of components, methods of 
dynamic testing, and reliability. 

The Russians suggested that each 


paper on application pertain to a par- 
ticular industry or type of controlled 
equipment. Typical examples: elec- 
trical machines, power systems, pe- 
troleum processing, chemcial process- 
ing, ore refining, metal production, 
metalworking, transportation, mate- 
rials handling, nuclear reactors, and 
heating and air conditioning. 

e IFAC’s trio—The three-way plan 
for the Moscow meeting ~eflects the 
three-pronged organization of IFAC‘s 
technical committees: 1) automatic 
control theory, 2) components and 
measurements, and 3) applications. In- 
dividuals will participate in IFAC 
technical meetings through committee 
activity, presentation of papers, and 
subscription to a quarterly bulletin 
that will report on meetings held 
around the world. 

In the U. S., technical papers for 
the Moscow meeting are being encour- 
aged by the American Automatic 
Control Council (AACC). Chairman 
of the AACC papers-review com 
mittee, E. M. Grabbe, Ramo-Wool- 
dridge Corp., urges U. S. engineers 
to submit such technical papers to 
him or to the technical committee 
chairmen. These are: 

*Automatic control theory—John 
Truxal, EE Dept., Brooklyn Polytech, 
Brooklyn, N. Y. 

*Components and measurements— 
Jack Ward, Instrument Dept., Engi- 
neering Services Div., E. I. du Pont 
de Nemours & Co., Inc., Louviers 
Building, Newark, Del. 

*Industry applications — D. M. 
Boyd, Universal Oil Products, Des 
Plaines, Ill. 

—W. E. Vannah 
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The Advertisements in this section include all employment 
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EMPLOYMENT OPPORTUNITIES 

















SERVO ENGINEERS 


Requires B.S., M.E. or E.E. with 3 to 5 years’ experience in dynamic analysis 
and synthesis of servo systems using analog computers as an aid. Prefer 
direct experience with hydraulic and pneumatic systems. will work on 
analytical group assignments relating to dynamic systems’ analysis and 
synthesis on high-pressure electro-hydraulic devices, high-pressure pneu- 
matic systema, jet engine fuel systems, etc. 


CRYOGENICS ENGINEER 


Senior Project Engineer is required to organize and assume charge of a small 
group engaged in the development of airborne equipment for the generation 
and use of high-pressure gas from cryogenic liquids, which will be used for 
control and actuation of various devices on aircraft and missiles, 
Responsibility will include proposal and cost-estimate preparation, project 
planning, engineering coordination with customers, supervision of design and 
analytic work, development of low-temperature components, planning for 
laboratory test facilities, production support activity, and all else necessary 
to carry a project from the preliminary concept through full qualification 
testing of fllghtworthy hardware. 

Five to ten years’ experience is required in this or related fields, with a good 


background also in the general area of thermodynamics and genera! physics, 
as well as in design and development work. 


Modern plant located in suburban area offers ideal living conditions and 
excellent school facilities. Expanding company offers excellent opportunity 
for advancement. 


Send resume detailing educational background and experience to: 


Personnel Department 


CHANDLER-EVANS DIVISION 
PRATT & WHITNEY CO., INC. 
West Hartford, Conn. 


Qualified applicants will be invited to West Hartford pliant for personal interview concerning 
these positions. 























EXCEPTIONAL OPPORTUNITY 


for 


CONTROLS ENGINEERS 


Continental Aviation & Engineering Corp., world’s largest manufacturer of small 
gas turbines engines. has openings available for aggressive engineering graduates 
for work in the Jet Engine Controls Group. An educational background in Servo 
systems is desired. 


The opportunity for development and advancement at CAE is unmatched. 
Available are essential facilities and equipment, including engines and electronic 
computers for design and testing of controls and development of new control con- 
cepts. The young engineer is given a chance to gain valuable experience and 


encouraged to take on additional responsibility. 





At CAE, the Controls Group is expanding. Now is your opportunity to become 
associated with a dynamic compact engineering unit whose work is vital to jet 
engine development. 


Write immediately. Only those engineers for whom specific jobs are open will 
be hired. 
Write C. D. Morris, 
stating qualifications 


NENTAL AVIATION & ENGINEERING CORPORATION 


12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 
SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


CONTROL ENGINEERING 





Cc ls Development 
at Marquardt 


by 
Roy E. Marquardt, 
President 


Marquardt was established in early 
1944. Concurrently with the early devel- 
opment of the ramjet engine, controls 
had to be designed which would operate 
within the ramjet engine under severe 
environmental conditions. 

The extreme velocity and acceleration 
of the engines created controls require- 
ments well beyond the limits of the tur- 
bojets then in development and operation. 

Marquardt engineers and scientists 
solved these early controls problems... 
creating components which produced 
reliable performance in the high Mach 
ranges; and today under Chief Engineer 
Tony Kreiner have gone on to develop a 
family of even more advanced controls 
and accessories: 

In rotating accessories, Marquardt’s 
pioneering turbine and pump work has 
culminated in emergency power units foi 
the Chance Vought F8U-1 Crusader, and 
the Lockheed F-104 Star Fighter. 

In the area of supersonic engine inlets, 
Marquardt engineers and scientists have 
been engaged in broad research and 
development programs for the past ten 
years. This aero-thermo knowledge 
coupled with our controls background 
has led to applications for variable geom- 
etry inlet control systems on North 
American’s Hound Dog electronic coun- 
termeasures missile and McDonnell’s 
twin-engine all-weather fighter. 

And in afterburner controls, exit 
nozzles, noise suppressors and nucleai 
controls, Marquardt engineers have and 
continue to achieve significant engineer- 
ing breakthroughs. 

Professional engineers will find a 
broad range of challenging assignment 
and projects at Marquardt, plus oppo 
tunity to further their careers through 
supplemental educational programs. 

For information about the profes- 
sional engineering environment at 
Marquardt, we invite you to contact Jim 
Dale, Professional Personnel today. 


Key € eeu 





FIRST IN RAMJETS 
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4 Marquardt Means Opportunity-Contro 
J neers will find a spectrum of projects 
variable inlet geometry to nuclear engine cont 


Marquardt Aircraft, the company where an ENGINEE! 
BARRIER* has never existed. Here in a professional er 
neering environment you will work with a manage: 
that recognizes and rewards the contributions of eng 


neers. Look to your future by looking to Marquardt, t 


Address your inquir 1és 


to Jim Dale, Profe ssional marquardt isc 


Personnel, 1655 Saticoy 
- Street. Van Nuys, Calif. VAN NUYS, CALIFORNIA™ OGDEN 
Shown here -A. J. Kreiner, Chief Engineer 
Controls & Accessories Sub-Division 





“ENGINEER | BARRIER -an achievement level beyond which you cannot advance 
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NEW PRECISION VARIABLE RESISTOR 


...with no sliding wiper by 


Super reliability 


is inherent 


through unique © 


manufacturing 


techniques 
FEATURES: 


¢ Complete Hermetic Seal 


These Rotary © Infinite Resolution 
Metallic Film Potentiometers ° High Temperature Operation 
are the perfection of years ——- 
of research and development 


Low Torque 
Exceptionally High Accuracy 


Extremely Low Noise 


A patented compression contact eliminates the wear or friction 
caused by usual wiper contacts. A precious metal capsule contact 
provides dependable long life operation. The deposited metal film 
c resistance element is encased and hermetically sealed. The ultimate 
Details in craftsmanship is employed in the manufacture to produce a 
will be 


potentiometer unparalleled for performance. This new concept of 
sent upon 


design makes possible super reliability under the most severe 
request. 


environmental conditions such as those encountered in airborne, 
missile and satellite applications. 


TECHNOLOGY INSTRUMENT CORPORATION 


523 Main St., Acton, Mass. P. O. Box 3941, No. Hollywood, Calif. 
COlonial 3-7711 ad POplar 5-8620 





Every instrument in Fischer & Porter’s new 
1450 Series is snugly housed in a fiber glass 
reinforced polyester case to resist the corro- 
sive action of acids, alkalis, salts, solvents, 
dust, and weather. There’s no way for cor- 
rosive atmospheres to reach the working 
instrument. Every exposed part is either 
fiber glass or 316 stainless steel. 

The new small and trim 1450 Series accom- 


New fiber glass instrument cases shrug off corrosion 


modates all modes of control—on-off, pro- 
portional, proportional plus derivative, pro- 
portional plus reset, proportional plus reset 
plus derivative, and others. Indicators, Trans- 
mitters, and Controllers for Temperature and 
Pressure are now available on a four week 
delivery schedule. Write for Catalog 51-1450, 
Fischer & Porter Company, 778 County Line 
Road, Hatboro, Pennsylvania. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





